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-PERTKO^’HY OF THE PHARYNGEAL OR 
VOSCHKA’S TONSIL ' 

' BY E FEETCHER I’SGAES, D 

CttlO\.GO, ILLl. 

iVpertrophy of the piaryngeai'or Luschka'e ton- 
nT some authois termed adenoid growths, consists i 
o abnormal enlargement of the glandular tissues 
"'aallY found in the vault add walls of the pharynx 
i characterized bv obstrucUon of nasal respiiation, 
catarrhal sruiptome and m many cases partial 
mess, with afterations in the voice partially due 
’' istruction of the resonant chamber ijaYhe posle 
Ijnares, and partiallv to changes nn the larynx 
‘,M by month-breathing There is also more or 
deterioration of the general healtli, and fre- 
‘witlj deformity of the chest, in manj instances 
' y tal hebetude and imperfect physical developmeut 
•e ver) pronounced Attention was first directed to 
as/condition by Meye|r,of Copenhagen, m lS60,and 
iter b> Loewenberg, of Pans, who reported three 
ises in 1865 The same author subsequently pub- 
shed a complete of the subject in 1879 A 

oTough discussion o^ the subject was brought ont 
Mejer's paper at the International Medical Con¬ 
fess ID London in \S81, since which time so many 
rhcles have been written upon the subject that it 
ms been worn almost threadbare Nevertheless it 
ppears to me that an analysis of a considerable 
lumber of cases occurring in private practice may 
~sh some new iti^ms of luterest concerning the 
in, or at least aid in settliog some of the un- 
1 points m its clinical history 
"ithstanding the many cases that have been 
ted by larj ngologists, the disease is not so com¬ 
as i^ould at first appear I find among my 
ords 05 , private patientk since IgSl, histones of 
dween luODO and 12,000, persons of whom about 
per cenri or in even numbers 10,000, came to me 
cause of \ome disease of 'the chest, throat or nasal 
ir ity Of ihesfi, 20S of in ^ven numbers, 200, equal- 
ig onh 2 pir cent of the whole, had hj pertrophv of 
. t ^ phan ngevl tonsil It ly impossible to determine 
taercHtne fnquency of,diseases of the chest, throat 
and nose, but ^3 only 2* pet cent of these special 
ases sufier frim enlargem,ent of this gland, it is 


clear that the iPreentage miust be infinitely smaller 
^ T c ''P cHssesof disease iire considered 
I find in l0,00tcon«cciiltije cases of diseases of the 
chest, throat andnasal cai ifies, 200 cases of hrper. 
rophy of the plnrjngenl tonsil Of these 6o per 

froi Ti!'’® '■^^‘f^^tsof the ciity, and 35 per cent came 
iroui the country or smallcil towns 


within the lak decade h.are come to mo from out of 
tlic citr ft would appear upon thc fuce of (tmse fa- 
tmtics that the disease is about lO per cent more 
frequent m the country than residents of he 

cih This docs not agree with my deductions whcii 

considering-the infiuenco of pun, where I «tato that 

because of their Ining more out of doors hoy« seem 
less liable id the disease than girls Possibly the 
disparity in this respect m due to the rolatnely larger 
number of city physicians who would treat tin® nf 
fecfion, thus diminishing the number of such patictd 
wlio would consult any one specialist nl 

Ont of the 200 cases of hyjiertroph-s of Luschlvir 
tonsil that haie consulted me, in some the conditioi 
vns of so little importance that it had not atlracted 
the patient’s attention,and was onh discmered inci¬ 
dentally in making the ordinary examination, in 
mau\ others 1 was consulted merely for diagnosis, 
and m still others for lanotis causes the history has 
been imperfectly taken «t>thnt the lecords are worth¬ 
less for purposes of «tiidy Excluding most of the 
foregoing I hare selet ted iOO cases ns nearly consecu- 
tne as possible, not from any- special feature which 
the case might present, but simply becauee of the 
completeness of the bisiorr, and 1 have excluded a 
considerable number of cases'similar to these, not 
from anr peculinriti of the history, but because it is 
more convenient to deal with anecen hnndved These 
cases therefore, ought nottqbe considered ns selected 
cases in the ordinary acceptance of this term, thouab 
it is probable that patients presenting the most pfo- 
uouDced sj niptoms were most carefully interrogated ' 
bv mj assistants who took the histones 
In my further consideration of this subject I shall- 
coufiue myself to a study- of these 100 cases which I 
think fairly and honestly represent the eases of well 
developed hypertrophy of the phary ngeal tonsil wh(> 
would present themselves to a physician in private 
practice m this country 

The alTection nearly always develops in mfanevor 
early childhood Prom the ages of the patients're¬ 
corded It appears that the disease is mos't frequent 
children between the ages of 2 and 15, 54 per 
cent being obsened bet weep the second and eighth 
year and 87 per cent between the ninth and six¬ 
teenth But the affection is also seen m older per- 
sons Raven cases were found between the ages of 
i.8 and 2o, and one each at the ages of 26 and 87 
respectively These results differ w idely from Mev- 
ers, who observed less than 37 per cent under 10 


years of age, and less than 62 percent all told under 
lo They differ even more widely from Bosworth’s 
statistic:, which show less than 30 per cent under 15 
years of age The difference is probably tX el 

to 
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A more critical exaniiuntiou of the histones in the 
endeavor to ascertain when the symptoms first ap¬ 
peared, indicates that the disease was certainly de- 
velopod in 90 per cent of the cases in infancy or veiy 
early childhood Many of these cases were said to 
have had difiiculty m breathing since birth, and it is 
probable that in some of these the growth was con- 
gehilal I doubt very much whether the disease is 
e\or developed after puberti’- 

hroin iny statistics the affection appears to be 
more frequent in girls than in boys, 41 per cent hav¬ 
ing Leen recorded ns males and 59 per cent females 
This iS possibly duo to the fact that boys being so 
much more out of doors than girls are apt to be more 
vigorous and consequently less liable to hypertrophy 
of the adenoid tissues 

In Mejors cases a little over 51 per cent were 
males, but in RoswortlPs cases only 36 per cent vere 
males When it is remembered that in Copenhagen 
and its vicinity, the girls live more as do the 
' 0 } s than in this country, and are consequently more 
gorous, my explanation ol" the influence of sex 
ms partially substantiated and it appears prob- 
) that undei the same hygienic'^conditions there 
juld bo no difierence in the frequeuo}’’ of this af- 
lection in the tao sexes Militating agnihst the cor¬ 
rectness of this vioa is the fact that Greville Mac 
donnld and Sir Morell Mackenzie found the disease 
‘'ousiderably more prevalent in males This, how¬ 
ever, may have been due to their considering man)’' 
cases m which the gland had dwindled into insignifi¬ 
cance, for it would appear reasonable to suppose 
that as pubertj’’ occurs at an earlier age in girls than 
in boys and as these glands usually atrophy at that 
period, the Jiypertropliy among girls v ould be noticed 
less frequently among them after the age of 11 or 12 
han among boys of similar years The fact that 
d^oakes, also of London, found this affection about 
equally in the two sexes suggests that there must 
ha\e b’eon some radical difierence in the method of 
analy/ing the cases by difieient ohseivers Keeping 
II view the fact (liat 90 pei cent of the cases i am 
onsidering weie ohseived before the age of puberty, 
nd that all of them aoie well marked, there seems 
htUe loom foi doubt tliaf, in this locality, at least, 
the disease is moie prevalent among giils than bo\6 
q’he an.ilomic and pathologic characteiistics of 
Ins afiection have been so thoioughly dcsoiibed by 
ifi^Yei, Loewenberg, and subsequent writois that I 
will pass them by 

yAtoloqy —Li an aficction which has geneially ex 
isted foi years before the physmian is consulted, it 
16 impossible to obtain any veiv accurate idea of the 
causation , but this analysis seems to piove that en 
largement of Lusclika s tonsil in the gieat majoiity 
of cases is due to the same causes as hypertiophy of 
the faucial tonsils It is attributed by various au¬ 
thors to heieditaiy influences, to the stiumous and 
rheumatic diathesis, to diphtheria and the exanthema¬ 
tous diseases, to catairhal troubles and to fiequenl 

I find among my cases several tliat appear to be 
congenital, though in none of these could this be 
elated certainly Ten per cent were apparently of 
hereditary oiigm as'showu by the occurrence of two 
Lses in the same family, 3 per cent ap 
follow immediately after measles, 4 per 
scarlet fever, 1 per cent after diphthe- 
cent were attributed by the parents, or 
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or more 
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the patient, to pneumonia or influenza, and ada ' 

per cent, were attr’but 
th« T doubtless mcluded i 

d^tion catarrhal cofi. 

whirh n J Dotbing could be discovered 

1 hich appeared tn any way to account for the oriRin 
of the disease I find in the same connection ths( 
36 per cent of those patients w^ere subject tofrequenl 
diseases of the throat ^ 

In 76 per cent one or both of the faucial tons'lh 
were also enlarged in the same case, in7percent oL 
and 69 per cent both This coincident eulargemAnI 
ot the faucial tonsil occurs in such a large numbei 
of cases as to indicate that the two conditions 
commonly dependent upon the same causes, an^H 
leads us to suspect that many of the results formefh 
attributed to enlargement of the faucial tonsils, m|« 
•especially affections of Yhe eye and ear and alte 
tions of the voice, were in reality;du6 to enlargem 
of Luschka’s tonsil In the great majority of ca,, 
w’here any of these symptonfAjusit referred to app.l 
with enlargement of the ^faucial itonsils, excision 
the latter wnll be found to have builittle influence, 
less the pharyngeal tonsil is alsojremoved Serb u 
lous affections or enlargements Of glands in otlief 
parts of the body w^ere noted in only 2 per cent of jJie 
cases ' j . r 

Symptomatology —The symptoms which are nj 
commonly noticed by the parentis or friends a sc 
Snoring, loud bre^athing at nightl restlessness, 
sleep wuth bad dreams, mouth breathing and gen^^'‘ 
debility The most frequent objective symptoms ay 
Impairment of the voice, deafness,^nd partial los^ 
the sense of smell The patient’s strength as indicating 
his general bondition is noted in 65 cases, m 80 toer 
cent of which\t was found to begbod, in 18 percent 
only fair, and ih'2 per cent poor I The general de* 
bilit}' apparently resulted lu most or these cases from 
the impeifect aeration of the blood jin consequence of 
obstructed respnation Pains m v 
body weie complained of in a fev 
sense of sight w as aflected in 1 per 
and the sense of smell in 11 pefi cent Frequent 
headache w^as complained of in per cent ot the 
cases Deatness is a comipou resulr of hypertroplij 
of Luschka’s tonsil, the sense of heaking having been 
found impaired in 33 per cent of these cases In 
only 38 cases has any reference been made to tho 
patient’s mental condition, but beclaiise of the h® 
quency with which tliese pMients appear to bo dull, I 
am surpiised to find that id only one case la^t noten 
that Iheie w us any inijiairfiient of the meiitAl coiiui- 
tion, and in this case it is stated that the jytieut ap 
penied to be idiotic, a condUion w hic i sceiijbd to baie 
had no ielation tothe obstri'ictiqn of^tl e nafjd puarjnx 
The condition of the voice js noted in Isixtf five cases, 


lous parts of the 
instances The 
ent of the cases, 


in 30 per cent of these it 
fitteen muffled, impeded o] 
in fifteen hoaiseoi husky, 
m 70 pel cent of the casil'S 
the voice wms mentioned 
The condition of the res* 


Is said to bh 
1 thick, in foiy 

showing that as aflected 

‘ wheie 
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81 X cases. 


in the remaining 32 per 
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regard to which I find notes in seventy three cases, 
these 60 per cent had no cough , in 12 per cent it 
L'l'iwas idescnbed as slight or inconsiderable, in 12 per 
1 “^' cen!;^'‘{^s hacking to clear the throat, and in 12 per 
iJd cerltjas severe In 6 per cent of these seventy-three 
cases fhe cough occurred especially at night, or in the 
I -T:,early morning 

L The condition of the nasal cavities is noted in 
teigbL/-six cases, in 30 percent of vhich thev were 
-.described as free or normal, ih 12+ per cent they 

trorci rtx 4 - 1 ,^ __J_ 


properly used, it was verified by the finger passed into 
the naso phar^ nx 

Treatment —Many of the cases that have come 
per I underm} observation were brought to me simpiv for 
diagnosis and suggestions for treatment, the patient 
subsequent!} having been placed under the care of 
some other physician In some instances vhere the 
parents feared an operation, internal treatment has 
been recommended and carried out fora greater or le=s 
period of time, sometimes with advantage but in 
others vith no effect In still other instances sur 
gical procedures have been carried out bv other nhv- 
sicians, and I have been unable to obtainniformation 
of the results 

In the whole 200 cases, remov al of the gland bv 
operation vas recommended in onlv l'>0 or 60 
cent, „„d „ the ,00 c-,s„ 1 am noa coasido ?„! 
vv as recommended in only 90 per cent, and nerfornmd 
b} me m onlv iG In a considerable number of the 
ptients upon whom I have operated, the records of 
treatment are verv imperfect for ii.o , ° ^ 

speedily after theg*lnnd was removed the^mnt* 
aisappeared and the patient .as ^onsiderec " ? 
that I have heard nothing more of the case ’ 

Ihe records show that in fnuriROT, 
treatment consisting of s} rup of the ^•ilernal 

Tfpof h)dr,od,ci,d, ” 

or friends to mv letter of cf parents 

hrper,roph.ed gioid'“a°emorer.;.\6 ,1,'’“' "■= 

cases, that it was treated by W nnni 
chromic acid in 11 ca«es but k of 

trenta,.., ‘'P"“™pece..ed 

cases operated on, one or both of fi r 
.•ere also found more or less onf ^ faucial tonsils 
two cases they weS remo.eS a''P?a'“''' 
operation on Luschka’s tonsil f^e 

uaso“phaVn^%“^fthmobc^ the 

to gam from 20 to 40 per ^ 
res,»j,d,„g,c T.gora^ndenduC;'"”'" 

lion noted wben'Se^^rlort'LTfi ‘'j' 
inquiry of parents or friends ofI ^ ’>3* 

mental condition has been ininro^^^ Patient that the 
Pf cases m which an operafflaltj^ ^ ' 

was noted m onK ^ ^ P'^^formed 
frectment upon the the 

fEt^^ul} thir.v^seven Cin" ^^"^'ugnaj 

-U3 the whole number of « case'i 
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greatly improvfd bv these 
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^-lueu us iree or normal, m JLi:+per cent they 

were obstructed by exostosis from the septum, and m 

ilt-SOporcent by hypertrophy or swelling of theinferior 

c;(ptnrb nated bodies Excessive secretion or other 

r:, catarrhal symptoms were also noted m 60 per cent 

j^iof the cases This would appear to sustain the theorv 

1 advanced by ilacDonald (‘ Diseases ofthe Throat and 

j^lAose, 1890),that a majority of cases of enlargement 

fDa cf Luschka’s tonsil are due to obstruction of the 

nj nasal passages consequent upon rarification during 

,j[p inspiration of the air in the naso pharynx However 

'inf rny records do not enable me to determine whether 

in these cases the obstruction of respiration preceded 

,ppl or followed the enlargement of Lnschka’s tonsil, the 

(,4 evidence for or against this proposition can not be 

considered conclusive, but there has always been a 

.J question in my mind whether the obstruction of the 

4 nasal cavities from swelling of the soft tissues m 

such cases was not the result rather thau the cause 

of the hypertrophy of the pharyngeal tonsil 

I he excessive discharge m nearly all of these cases 

obstruction m the nasS 

congSn'"orth'“‘^®^""'^®°^’^ influence on the 
congestion of the mucous membrane, prevents evan 
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Ihere is an undoubted tendency for hypertrophy of 
tho pharyngeal tonsil to disappear by atrophy about 
the tinio of puberty, but an analysis of these cases, of 
\\ Inch 9 per cent \\ ere over 16 years of age, shows that 
this fortunate result is not so common as generally 
supposed There apjicars to be a common impression 
among laiyngologjsts that unless such growths are 
removed by surgical measures the condition, of the 
patient is almost sure to go fiom bad to y orso, until 
the twelfth or fourteenth year, when atrophy usually 
liegins In twenty-Be\en of these cases, for various 
reasons no radical opciation has been jierformed 
Elc\en of these weie treated by applications of 
chromic- acid through the nostril, and I hnd that 
eight of them were apparently cured by this treat¬ 
ment In the remaining sixteen cases we have lelied 
cnlireh upon internal treatment, consisting of the 
8\rnp of h>driodic acid or of the lodid of iron, the 
latter lining gi\en when anemia w-as apparent I have 
neen unable to obtain the subsequent history in four 
of tlu’se Ill 50 pel cent of the twelve whose his- 
toi les arc completed there appears to have been great 
inijirovement or complete reco\ery, apparently as a 
rcsnl! of the treatment Foiu others were somewhat 
improved from various causes, and tw'o appealed to 
luue made no gam This goes to show that although 
the most biillinnt and s.ilisfactor}' results aie ob¬ 
tained bv ?|urgical proceduies, constitutional reme 
dies are adeepate to the removal of the disease in a 
consuh ruble number of cases, hut this should not be 
nade an excuse for allowing the patients with w-ell 
narked hypertrophy of this gland to go on from year 
tOAearin'the hope that internal remedies or timel 
may eilect the cure, because in the meantime in verjy 
many cases, inflammation of tho Eustachian tube 
and middle ear will ha\e caused deafness, or the voice 
may lla^e become permanently altered, while depri¬ 
vation of the patient of the ainonnt of oxygen to 
wInch he is noimally entitled will have stunted his 
growth, unpaired his constitution, and possibly will 
have left a permanent impress upon his menral fnc 
ulties from which nothing can evei relieve him 
An analysis of these cases leads to the fulhuMiig 

conclusions ^ ^ i 

Ilypertiophy of Liischka’s tonsil is ooinparativeiy 
infiequent, occiiiriig in only 2 per cent ot the 
patients with clisea'^es of the chest, throat and nasal 
cavities, and probably in not more than one half of 
1 per cent of all cases 

In this locality the disease is apparently 60 per 
cent moie frequent in the country than in the city, 
and it occuis more fiequeutly in girls than in boys 
The disease is obseived in 90 pei cent of the cases 
before the fifteenth yeai ot age and is probably 
always developed in infancy or eaily childhood, some 
cases appearing to lie congenital 

Ten pel cent of the cases aie appaieutly hereditary 
Sixteen percent may be attributed to frequent colds, 

but m 63 per cent no etiologic factor can be discov- 

®'ln the great ma 3 ority of cases the affection is ap¬ 
parently due to the same causes as enlargement of 
?he faucial tonsils, and in 76 per cent of the cases 
the faucial tonsils are also hypertrophied 
In a considerable nurnber of casea 
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ceThe sense of smell is obtunded or lost m 11 per 

Hypertrophy of Luschka’s tonsil is a frequent 

” frequent cause of deafness, the hearing beinir 

affected in one third of the cases The deaffes^so 
caused may be benefited in a large majority (70 per 
cent) of cases by operative procedures, 66 per cent 
being greatly ameliorated and about half of these 
being completely cured 

The disease causes much alteration in the voice 
ni /O per cent of the cases In nearly eight- 

tmitlis ot these the voice maybe greatly improved as 
Iheiosult of treatment 

In about 40 per cent of the cases there is decided 
dyspnea, resulting from partial closure of the naso 
phar^mx 

horty per cent of these patients have more or less 
cough, in about one-third of which it is quite severe 

The pharjmgeal follicles are enlarged in about one- 
fouith of ail the cases The nasal cavities are more 
or less closed by swelling or liypei trophy in 50 per 
cent of the cases, and 56 per cent complain of 
catarrhal symptoms, but in about nme-teiuhs of 
these the symptoms are removed by extirpation of the 
glandular tissue 

Although deterioration of the general health is 
not usually complained of, it is found as the result 
of opeintion that in many cases great improieinent 
occuis immediately, the patient often gaming 30 per 
cent in weight within bis months 


amounting to 
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THE THROAT APPEARANCES IN MYXCEDEMA 

Rend 111 the Section on Liirynpology nnd Otology, at the loTte fifth 
Viinunl Meeting of tho Amcrlcnn Medical Asioolntlon, held nt 
Snn Francisco June 5-S ISW 

BY H HOLBROOK CURTIS, M D 

^F^\ \ORtv 

One 5 ear ago a patient presented herself at ray 
office to have her throat examined, in ordei to under 
go treatment for difficulty in speaking distinctly 
Hei histoiy from my note book was as follow's Age 
48, weight 190 pounds Had five children Mon- 
8(1 nation stopped two years ago Suddenly became 
veiy stout about ten years ago, after a prolonged and 
exhaustive experience with nursing a sick relative, 
at the same time undergoing intense mental agita 
(ion fiom othei sources Has had no perspiration 
for ten years Water always very distasteful as a 
drink Partakes spariuglv of tea and coffee 
years ago legs became glazed and waxjq the 
hairs disappeanng from same Some edema ot 
ankles but no pitting on piessure Had been twice 
to Cai Isbad for jaundice within seven years Mac)) 
brow i.qngmentation on abdomen Had to atop play¬ 
ing piano some six yeais ago, because great weakness 
developed in her arms Walking became very dis 
tasteful Commenced at Hus (im< to Par 

tially deaf Could only lu ai in th mter in the front 
rows Eyes also commenced to appear Bmall nj 
reason of swelling of the lids 
thick every afternoon at 5 «clock, but 
hoarseness Cften disinclined to talk and % 
sad and morose Eighteen months ago throat^ . ^ 
toms became more marked Often in talkii^f 
■ her” Patient likened 
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iture slightly subnormal Patient uas alua)8 , 

ind very anemic Ears presented a ; 

ni More recently the gums were swollen and 
leficient in nutrition The lips had recentlN become 
difficult to manage easilj , they felt lery thick an 
Btifl Was apt to say bore for more etc Tlie ia t 
two years mental symptoms had commenced to de¬ 
velop Patient would frequently use the wrong w otd 
but always corrected it herself It was verj often a 
great effort to think quickly A sudden surprise 
would make speech almost impossible Coming into 
a room where there were strangers would conluse 
ideas and speech Upon examination of the nose, 
the mucous membrane appeared bluish and pale, the 
turbinate bodies enlarged and very soft (inflated) 
making nasal resniration wellnigh impossible 4 he 
uvula was very "thick, very pale with a jellouish 
tinge, and the pillars of the fauces were thickened 
and of the same general hue The posterior pharyn¬ 
geal wall was yellowish, with the blood vessels prom¬ 
inent and very red Thf*re was atrophy of the glan 
dular tissues of phar\ngeal vault, and also at the 
base of the tongue The arytenoids were enlarged 
but had a fatty yellowish appearance, instead of the 
bluish edematous look the} present m laryngeal 
phthisis The interior of the larynx was full and 
flabbi,the tissues intruding into the caliber, while 
partaking of the yellowish hue of the rest of the 
membrane of the throat The false cords seemed 
especially thickened The vocal bands were uoi;mal, 
as was also the epiglottis with the exception of the 
pallor In October last, the patient suddenly devel¬ 
oped edema about her eyes, and the characteristic 
appearances of myxeedema At the same time loss of 
hair under the arms and on the head was commenc 
ing I had not seen the patient for four months, and 
the difference in appearance was quite striking There 
w as no albumen found in the urine Suspecting that it 
was an undoubted case of myxoedema, I commenced 
treatment by giving 5 drops of the extract of thyroid 
gland in glycerin (Gibier) morning and night after 
meals, increasing the dose to three times a day at the 
end of a week Patient was living on a simple diet 
but not restricted At the end of two weeks a 
marked change appeared to manifest itself in the 


Calf, 1C, 144 Knee, Ini, 
y In the corset measure the 
decreased fne inches, the waist three, 
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hips 


Ankle, 9i, 84 
Thigh, 214 19 
appear to have 

and the bust four inches ^.resented 

The aboie case is intGresting in that it 
itself to a Innngologist The difiicully with enun¬ 
ciation antedated^ the loss of hair and ‘J^iUle finger 
nails by a} ear Absence of albumen in the iiruic, 
r preLois los, of ho.r, «nd no focal odonm 
accounted for a late diagnosis of the true condition 
Howeier, toda} the patient is restored to apparent 
health, looks jounget b} ten } ears, is ns bright nnd 
clieerful as possible, and thoronghly enjoying tile 
y,oTE—Patient is taking 3 drop« of thy rout extract twice 
daily, and is in excellent nealtli, Sept 


, lS9t 


THEORIES AND FACTS CONCERNING DE¬ 
FLECTION OF THE NASAL SEPTLM 

Rend In the Section on LnrTtifrnlort nnd Otolo^v. nt thi lonv (Iflli 
Annuiil McetlnL of the Vmtrlcan Mctllenl A«‘'OCinlIon, 
held nt fean >rnuci‘’ro Jane VS 

BY W 4 M VRTIV, M D 

ciN Tn*'.CI‘=CO, CAL. 

That the major portion of nasal troubles is caused 
bv thede\iation of the septum, I think will be ad¬ 
mitted by those who hn\ede\otcd much time to the 
treatment of nasal troubles and have investigated 
the causes of these troubles As a nation the Amer¬ 
icans may be said to be universalh atPicted with de¬ 
flected septa, and to this cause alone we may safely 
attribute 75 per cent of the nasal afiections that are 
so frequent among them I have been unable to find 
any extensive statistics concerning this trouble in 
i the United vStates, but from mv own observation I 
will venture to place the percentage of deviated septa 
as high us 90 per cent 

The only reliable statistics of any extent furnished 
on this subject are those of Mackenzie among the 
English and of Zuckerkandl among the Austrians 
The first taken from the skulls in the museum of the 
College of Physicians and Surgeons in Loudon and 
the latter principallv from the cadaver Other sta¬ 
tistics have been published by Semeleder, Theile, 
Allen, Potiqiiet and others, but all in smaller 
numbers than the first mentioned In this country, 
statistics so far as I have been able to find, have been 
limited to those who have applied for the treatment 


p i ‘pu p ^ — of some nasal trouble and consequently are of no 

general comfort of the patient, and the spirits com- value in detercninipg the freqnencTof itLccurrence 

"f lltteetneeks a. there are nnlold Lmbera\o rrhom it 


the tongue began to become more manageable and 
breathing was easier upon exertion In six weeks 
the patient began to lose flesh rapidly, had to get 
smaller gloves and shoes and commenced to h^ve 
clothing taken in The dose meanwhile had been 
reduced to 5 drops twxce a day, and two weeks after¬ 
ward to 4 at the same interval At the end of six 
months there had been a loss of twenty pounds in 
flesh The speech IS fluent No disturbance of ideas 


causes no 

inconvenience and a large proportion of the popula¬ 
tion who suffer m silence and never consult 
specialist 
The statistics of 
skulls 


the 


Mackenzie show that in 2,152 
examined, /6 9 per cent of the septa were 
more or less deflected Those of Thiele, Semeleder 
and others taken in Germany differ only 1 or 2 per 

.■cou iiie spKKun isnoenr ivo disturbance of ideas Isbnw Statistics of Zuckerkandl 

rhcThr'„'f“ »■“ w'r f S u rsclt 53 2 

ine loids of fauces Uvula, pharynx and larynx 
healthy Color of the mucous membrane changed 
from the yellow waxy look to normal, and there per- 

bloodvessels The 


measurements of one of the extremities taken by Mr 
Biker for an elastic stocking before and after taking 

the thyroid extract show the following differences 
and may be of interest ^ umerences. 


ac- 
some 


the septa were deflected 

The most diverse theories have been evolved to 
coimtfor this frequent condition of the septum, some 
from whmrthlv''''°® ^hen one considers the source 

wl?habitually with the same hand 
Habit of Bleeping with the same side of the ^ 0^10 

pi ow Habit of putting finger m one side of the 
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nose Action of astringents, rickets, syphilis These 
causes I simply mention and do not consider it nec¬ 
essary to give them any further thought as causa] 
factors in producing deflections of the septum The 
following causes are the ones accepted by the leading 
specialists of to day Traumatism, over-development 
oi the septum, obstruction in one or both nostrils, 
heredity, evolutionary and devolutionary changes ” 
The first ment loned of llieso causes, viz Traumatism 
IS the one accepted by Boswortli, who seeks to defend 
it in his text-book, “Diseases of the Nose and Throat,” 
as being the most frequent source of the trouble 
It IS remaikablo hoa readily a patient mil recall 
some cause for the doformity,v hen informed that such 
a condition exists, in the shape of a hlou on the nose 
fifteen venrs ago, a tumble doiin stairs, a frequent 
can've guen b> mothers is a blow from the baby’s 
head, and numerous other causps are assigned too 
niiiiinrnns to mention, but with vhich you are all 


which I submitted them has lent some warrant for 
my placing this small monograph before the pro¬ 
fession ” 

The tribunal referred to is the British Laryngo- 
logica! and Rhinological Society Certainly, if such a 
competent tribunal has passed favorable judgment 
on Mr Mayo Collier’s viea s I can not ignore them 
The sum and substance of Mr Collier’s conclusions 
IS, that the deflection of the septum is caused by a 
stenoSis of one ox both nostrils and the resultant at¬ 
mospheric pressure acting on the uuoccliided side, 
thus pressing the septum toward the opposite side 
The theor)^ is pretty, but it does not work in practice 
In the first place most specialists agree that the sep¬ 
tum IS seldom if ever deflected in the posterior third, 
and that the curvature is almost exclusively confined 
to the anterior two-thirds If the deflection is the 
result of atmospheric pressure, the posterior third 
would certainly be more exposed to such pressure 
than any other portion of the septum In every 
case of stenosis, where we find a curvature m the 
middle or anterior third, the posterior third wouM 
be exposed to the same or greater pressure than the 

^^One^Tthe favored points of deflection is in the 
caitilage Jurasz asserts itis always there, now cer¬ 
tainly a stenosis never occurs anteriorly to the car¬ 
tilage it may occur as far forward as the cartilage, 
but "hen this would not furnish the necessary con- 
dition for a deviation that is confined mostly to that 

^'Irhfioial stenosis, as in the case of foreign bodies 

retained in the nose, furmsb Co^lir’s 

nhiA for the nrodnction of a deflection if Mr ® 

bod.ss tad b»o « ft , 

months to five y ’ , unoccluded side The 


head, and numerous orner cans^^s are 
numerous to menhon, but with vhich you are all 
familiar It is peculiar ho^^ sensitive individuals 
are concerning any deformity mIiicIi is congenital, or 
for the source of uhich they have no iiatural or phy¬ 
sical cause to ofler They seem to consider it a Wight 

cast on thoir lives by nature, but if they ” 

cause in the shape of some physical force, the defect 
is regarded ns of little consequence or even aE aii in- 
sicnia of glorv, showing the pron ess of the individual 

or I he marlyr'don. through which ho ta“ J;”" 

deformities of the nose are no exception to this rule 
There is no feature about vlnch people are so sens- 
tufas the nose, reference to the shape will give of- 
tefse and uiany individuals vho are l»r ec*. sa is 
\M(b the external appearance of that organ wi 

fient IS Milling to retract 
ormed that his nose does not differ uiaterianj 

the general average ^ inniry to the nose 

Bosnorth “^^^^ms us that ^^^.^late de¬ 
need not as in fiacture, but 

a®t“n“brMi'chtte“i.orul»l function of the nose 

IS seriously hampered mmation should con- 

Why this low grade of ^convenience 

tinue for years, wi^hou ® | having caused 

excepting the resultant Q^r“^ apparent One 

the deformity ®^’°ffrif^.on8iaeration if wehad only 
might give some 11tie consW 

nasal spines and crista of the septum, 

these are dependent on ^ accounted 

and that condition would have to oe 

for and ff meet with this deformity 

nf against t^ 


:quency with against the theory 

„ the strongest °t of Americans and 

rauma Certainly ^^ population have not 
^5 pel cent of the ^ P their noses to pioduce 

iSfs^fl'^mi-vtrsal’drfectinthisparticularporlion 

uSUrochure Mr 

ated broadcast throng ^ p quote here the in- 

?eal cause of this . full acceptance 

troductory notice deflections of the 

“L“t:rm“brthrvery competent tribunal to 


“"Sr collier ligWy dispose 

breath” Certainly th y ^t the time of 

as one of the causes i..pnntment a boy 9 years of 

writing I have “{ft Nostril obstructed for a year 

age, who has had the rig ^ 

K s?;a:?ot-tm^-y.rtt,e if at all 

n'ette 80 P» 

have symmetrically to colds and m- 

?hat civilized people which t^.^s ulti- 

juTies, etc , that pro the’septum A great 

mately to the <ieflecti . that because civi- 

many scientists affections from which the 

hzed people ‘^^e ^^ff 

uncivilized are free, tha „ , tion and refinement 

necessarily be the canse J 1 his j 

I admit are aecountabl gj.^at lavs 

from which race and which are unaflected 

that control the human ^ o 
by tbe that haa aucb f 
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^Ible conditions than the Chinese. 


conditions than the 

au„l al-.nii t anner cent are aftected irith de\ 


and under more unfavorable 


no 


f n/-ieiQ Tt IS to be presnmcd thni there being 
llZl XI e,nn,,ned «.at .he eepten. 

quite or nearlj sv mmetricnllv 


iia 


the 


that only about 20 per cent 

^^°As°a ‘^iqueuF'^o the feast, Mr Collier quotes 
results of Ziems’ experiments on animals ns P^oof of 
the efficaev of the great cause for which he contends 
No one attempts to dispute the eflect of stenosis of] 
long standing, but unfortunately Mr Collier has mis 
taken the cause as an effect The most frequent and 
most permanent form of nasal stenosis is the devia¬ 
tion of the nasal septum and it is secondary to no 
other form of stenosis, it is the form that produces 
asthenopia, and assvmetry of the face 

Over-development of the septum as first mentioned 
by Morgagni and later by Chassaiguac, and accepted 
as a Batisfactory explanation of the cause of this de 
formity by nnmerous specialists of to day is decidedly 
unscientific If there is a tendency to over-growth of 
the nasal septum we must have an explanation of the 
cause of this over-growth 

We are willing to admit that in the case of a de¬ 
flected septum there is a profligacy of Nature in sup¬ 
plying such an abundance of material, but it is the 
wherefore we are seeking and not the fket that it is 
there, which is jialpable to every observer 

Heredity as a cause is equally unscientific It is 
no cause, it is merely a law that perpetuates the de¬ 
formity I can relate a circumstance where three 
brothers and one sister were all affected with exactly 
the same form of deviation The external appear¬ 
ance of the noses was so much alike that one could 
call auy of them by name, having been introduced to 
one of the four It was a family nose inherited from 
their father Heredity explains it thus far, are we 
to be satisfied with the explanation, or shall we seek 
farther and find that it descended from one genera¬ 
tion to the other until the original of this type of 
the family nose is founds 

Evolutionary or devolutionary changes Here is 
the field in which our researches are most likely to be 
rewarded There have been several searchers in this 
field working mainly in the same direction Among 
the more prominent are Potiquet, Bendelack Hewet- 
sen and Zuckerkandl They commenced with the 
same theory, namely That the condition was the 
result of a change from progbathism to orthognath¬ 
ism Zuckerkabdl merely suggests it without offer¬ 
ing any particular reasons 
The paper read by Bendelack Hewetsen a few 
months later than the monograph read by Mr Collier 
shows that there was at least one member of the Brit¬ 
ish Laryngological and Rhinological Society who did 
not accept the latter gentleman’s theory as absolutely 
conclusive Hewetsen in his paper discussed‘‘The 
Relations between the Various Forms of Nasal Sten¬ 
osis and Deafness ” He found that nasal stenosis 
was associated with a narrowness of the jaw, crowding 
of the teeth and an elevation of the palate This 


placed Mr 
m the discus¬ 
sion of the paper that “the diet of leiitilB and curries 
which Hewetsen said formed the principal food o 
the people examined, did not seem ^ 

mastication as the average specimen of meat, which 

s called upon to masticate 
subsist on softer food 


hia researches on 


the modern European w a 
The Mongolians certainlj 
than the Europeans 

Dr Potiquet gave the result of 
this subject to the Pans Societv of Laringologv, 
Otologv and Rhinology in July, 1892 His researches 
ware conducted on the 400 skulls in the museum of 
the amphitheater of the hospitals I quote from a 
report in the Journal of Laryngology ‘ His conclu¬ 
sions are that in the Parisian, the osseous nasal 
septum tends to incurve so much the more, as the 
movement of rotation of the pre-mnxillarv around 
the point of junction of the posterior exlremitv of 
the vomer with the body of the sphenoid taken as a 
center, is more marked* This conclusion mav be re¬ 
garded as a verification applied to a very limited 
group, of a laTT common to the whole senes of pn- 
mates, to wit That the nasal septum has so much 
the greater chance of lateral incnrvement as the axis 
of the face is itself the ifiore inflected in its antero¬ 
posterior direction As this axis is more and more 
inflected as one rises from the anthropoid to the 
European male, the septum tends to incurve later¬ 
ally more and more as one follows this ascend¬ 
ing series Lateral curv alure of the septum therefore 
appears to be an evolutionary phenomenon related 
to the degree of autero-postenor inflection of the axis 
of the face ” Farthre along in the same article the 
writer remarks “Itwould not be extravagant to 
say that a man has only exceptionally the septum 
which belongs to him ” 

It iB diflacult to argue this point without fuller 
statistics at one’s disposal For my own part, how¬ 
ever, I do not believe that the rotation of the axis of 
the face in the European male is greater than in the 
case of the Hindoo and Arab,who Hewetsen claims are 
seldom if ever troubled with stenosis, but Potiquet 
says “It is a law applied to a very limited group,” 
and I judge that in this way he excludes all except 
the Europeans and their immediate descendants, but 
Nature’s laws are not elective If this condition is 
the result of evolutionary changes pure and simple, 
a change produced simply by the progressive or re¬ 
trogressive state of man to accommodate him to a new 
condition of things, then it is the only instance I 
have been able to find where there has been such a 
marked assymetry of development as to impair the 
usefulness of the organ We have instances where 
parts have atrophied when they were of no more nseor 
mit in disuse, but as far as I am aware none where 
tnere has been a hypertrophy 

It 15 possible that the nose, as an organ of sense, 
magnified function that it had when man 

es 
so 


narrow mg of the modern face, “the ultra'refined wl ThaVdiari^en pecnliar shap 

as he terms it,he attributes to the fact that civilized ebaractenze — —u.u, 

men partook babituallv of a much softer food than 
that w Inch fell to the lot of sav age man He had exam- 
med large numbers of natives of the Zanzibar coast of 
llmdoos and lastly large numbers of Arabs in Mo-(races 
rocco In none of these people.did he find anv nasal 


charactpze different races are probably not so 
much a result of the increased or impaired fnnehons 
of that organ as a result of sexual selection The 

m attractiveness 

in the determmatiou of beauty in the eyes of most 

in A 1 being the case it is not strange that in 
lie de,elopme»t ot the different races ll S S 
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tlioir pel feet dovelopinent n type of nose that varies 
very little in. the rlitTeront individuals of the same 


race 


s of the same 
ce 

There is no feature or chniacteristic of a race that 
IS so 13 ’^picnl as the nose The features of the puier 
races ns the I^Iongolian, Afiican, or Polynesian are 
BO much alike lint it is uith the greatest difficulty 
that o^en themost skilled physiognomists are enabled 
to distinguish belwocn individuals without a close 
acquaintance uilli lliein This fact is aptly demon¬ 
strated bv the difiicnlty we have had in finding some 
positive way of c\clnding our Mongolian brother 
from the confines of our country 

From the statistics at our disposal of Mackenzie, 
Ziickerknndl, Adams, Hewetsen and others, we find 
that the nasal septum of these difiereut races, namely, 
Chinese, lapancse, ISIalaj’, Hindoo, Arab, American 
Indian and Pohnesian vanes as little in shape as 
does the evternal appearance of the nose 

Among the Europeans and theit* immediate de- 
Bcendauts we find that there is no chaiacteristic type 
of nose In Pans, 111 the classification they have 
adopted for tlie recognition of criminals, they dis¬ 
tinguish nine distinct types of noses and with suU- 
divisions Inne as many us twenty-seven Ihese dis¬ 
tinctions arc from—the outline of the nose, convex, 
rectilinear, or concave—base of nose ascending, 
straight or descending, these in 
binations make nine varieties and either of the 
combinations may be either thin, ^ 

The interior probably ofleis greater J , There 

exterior in so far as the septum is concerned ihere 

are distinct typos of noses, however, \ 

hniitcd areas of liluropo that were originally typical 
of a Sand subdivision of the Caucasian race, as for 

or' Itacan tn>e . aa s rout- 

-s s=. sifrx.E 

n........ .«• »• 

of natural evolutionary to-day? 

Hoiv about the J^jJniediate descendant 

The modern European te anatomy 

to a greater extent ^®PJ’®®f xxp^and fashioning 

The wmrk of centuries in bm pas been 

tribes of distinctive typ s pe^od by the corn- 

undone in a comparatively or^p^^^^^ 

mingling and mixture o people of 

commingling ^ther races of a distinctive 

the Caucasian races but oth American 


European and American x u-. 

genesis of the European It 1 ^ a m^^^ of 

-and accessible to all tunes and in later 

conquest and slavery m , ^.j-^age between per- 
yeabs of emigration iia® 

greater or less s;^nll8 of the purer ancient 

° T£ examine tne SB-ui _ffomitic, I 

rare 


ICsTy r .Kd“’n%e deflected septum as ra: 


among them as among the purer races of to day If 
we should take the septum from the skull of one of 
these people and attempt to fit it into a Chinese or 
negro skull we would assuiedlyfind a misfit, but this 
18 the condition imposed on Nature by the mixture 
of races and a condition that is not likely to be mod¬ 
ified for centuries to come as the evolutionary 
changes necessary for Nature to accommodate her¬ 
self to this innovation will be sloiv, as all evolu¬ 
tionary changes are 

We might accept it as a law that the straight or 
symmetrical septum is distinctive of a pure race, 
while the deviated septum is characteristic of a 
mixed race 

Such being the case, where would we expect to 
meet with this deformity most frequently? I think 
that yon will all agree that the people of the United 
States are the greatest sufferers in this respect In 
England, Mackenzie’s statistics show that 76 9 per 
cent of the population suffer with this deformity 
If we could have statistics from Kussia wffiere there 
has been less of a mixture of races than 
European countries we would probably find 1 e 
straight septum more the rule f p 

tistics show only 58 9 per cent, as we would iiaturally 
expect, as the farther east we travel the nearer we ap¬ 
proach to original racial types In the purer ra 
Ib the negro and the Mongolian, we find the same 
shape to the nose m the child that we find in the 
adult and other things equal we see no vanatio 
from the original type The 
Its father and its mother, and in ^ 
as far as features are concerned In the Europ^ 

akl.r 

The offspring may SrBrporticu- 

back as its simian ® Woman uLe who 

lar comment An 

takes for a spouse a , ,, many different 

*lLsss''‘Vh:i1ytc? he o"iy 
shaped noses Th ^ deflected septuip In 

IB that one and all will p _ Sermtic family 

a well anyof the children had 

I venture to remark tha J an 

had aictroussifnose that tuere wom^ 

investigation ^.foot frequent as 20 per 

That deflected septa ^J® /mVean people is 
cent m “on-European a 

readily accounted f ^ ^ certain percentage of 

most isolated races neople whom we have the 

mixture There P ^ ^ong whom the w'hites 

opportunity adventurers, travel- 

have not mixed gamed a footing 

ers and shipwreOke P ^ ^^0 earth aud their 

r4;nt“d\trpS m the nasal septa of the 

‘“Sh» rmportant over^« 

as accounting for a eex^ omhzed and uncivilized 

formed septa both disnarity m the develop 

amt of the ■» T. 

infrequently that the bones, owung to the 

to tho development of ‘p ‘“'“Aal sutures Tbi» 
too early osBi^atlou o individual within 

need not be snffioient to >>r>ug an im 

the limits of cretinism, j^formity of the septum 
portant factor m ever seen were m 

?he most deformed septa J have 
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individuals belonging to this class 
recall where the individuals escaped only with their 
ason Two had the peculiar facial 
tosG affected with pharyngeal adenoids, but they 
ere in no way improved either as to facial evpre 
'on or as to mental condition by the removal ^ 
Bptal spines, crests and enlarged turbinates which 
iiraish^ free breathing room through the nostrils, 
bus proving rather conclusively to my mind that 
he disparity m development in these cases was the 
ause of the nasal stenosis, and that the latter condi- 


bol» atte«,pt.»g to . 0 . 1100 , t|.o .M.at.on oUjnstmtloo 

only in small quantities Ou mg to this great Uiilicuity n 
sirAllawinc she had become emaciated, and vas rnpiuiy 
losing SS strength An examination of her throat 
revealed a large spelling projecting forward from rbc pos¬ 
terior pharyngeal wall, nearlj filling tlie pharjnx Itex- 
tended^ertically from a pomtoppofite the basf of nvula 
to a point opposite the arytenoid carlilagp, and lateral^ 
from one posterior pillar to the other this enlargement 
was somewhat ovoid in shape, the larger 


ion had very little effect on the mental condition, 

me might infer on first thought .cA.aicvc... .. h-.., - -- . . 

The deviation of the septum resulting from anom- ^jugous membrane coieringtheswellingwassomewhat 


as was boiiie.Miub u.u.u ... - -- o- , _,i,„ 

above, and covered with mucous membrane, Indicating the 
existence of a gro\\th located behind the pharyngeal 

lue ucmit.v... V.. ...V. .-w,.-o . ,, The mucous membrane coieringtheswellingwasBomewbat 

dies m development occurs during the time of the pale from the pressure of the growth beneath, butothern se 

_;i ■frrtrtt flio corf»nf}i fo the fourteenth 1 uresentine no unusual appearance, and there was no cm* 


lecond dentition from the seventh to the fourteenth Se"Srevmus ulcemfioforS^ of any nature 
j-eat, it may become more pronoun^d from ^en up palpation, tins swelling had a soft doughj feeling, sim¬ 
ilar to that of an abscess, but the history and appearance 


to the eighteenth or twentieth year when ossification 
m the skull is completed It rarely if ever occurs 
before the fifth and ueecr after the twentieth year, 
unless from pressure or traumatic causes It occurs 
during the years of greatest development of the 
brain, and consequently with the greatest expansion 
of the cranial and facial bones Whether during 
this period the space between the ethmoid and the 
superior maxillary is abridged, or whether there is a 
greater development of the septum than the space 
admits, or whether both these factors come into play, 

I am not prepared to state Up to the time of the 
second dentition there is a similarity in the facial 
appearance of European and American children, 
hut at this time there commences a variance in the 
nasal shapes that does not occur in the children of 
unraixed races The mixed races seem to be affected 
by other anomalies m development of the facial bones 
that occur pnncipally during the same period, namely, 
the narrow and shortened jaws and the high arched 
palate, the latter mote apparent than real, as the 
nearer approach of the alveolar processes makes the 
palatal arch seemingly higher These anomalies all 
seem to be more clearly explained by the blending 
of different racial types than by evolutionary or 
devolutionary changes from a prognathous to an or- 
thognathouB type The whole matter is one of theory, 
but the weight of the evidence is in favor of the 
former, because we know it has been and is occox- 
Ting continually while the latter supposition 
purely theoretical 


healed. 


FIBRO-LIPOMA OF THE PHARYNX 

Read In the Section on Larj-npolopr and Otology at the Forty artu Anntial 
Meeting ol the American ^fedlcal Association held at San 
Francisco June 5-6 1601 

BY JOHN 0 EOE, M D 

EOCnESTEP S T 
REPORT OF CASE 

Benign tumors of the oro-pharynx, involving the 
posterior wall alone, are of comparatively infrequent 
occurrence Judging from the cases reported, and 
from my own experience, lipomatous tumors located 
in this region are the rarest of all The following 
exceedingly interesting case, that of a large fibro- 
lipoma of the pharynx came under my observation 
last January, and is quite worthy of record 

Mrs R , 49 years of age began nine months beforp T mw , 
her to experience a sensation of roughness and fullnesri^ * 
her throat attended v.ith difficulty in swallowme and nsea! 
mated with pain extending to both ears tVhile^reinainin^ 
quiet she eiiienenced no special discomfort m her throaf 


gave no suspicion that this swelling was of that character 
There was no history of a specific disease, and the patient 
had met with no injury to the pharynx of which she was 
aware Thinking, perhaps, the swelling in her throat might 
be a collection of enlarged post-pharyngeal lymphatics, due 
to some unknown specific trouble, I placed her on vigorous 
specific treatment for a time This treatment, however, 
had no effect upon the swelling in her throat, therefore, 
without doubt, the swelling was not of a specific nature 
The growth to all appearance was a lipoma, and-I accord¬ 
ingly advised its remoial, which was done the following 
day Local anesthesia with cocain injected and applied to 
the surface was quite sufficient to rebele the pain An in¬ 
cision about an inch and a half long was made along the 
median line down to the tumor,which lay encysted just 
beneath the submucous connective tissue I then endeav¬ 
ored with a thin curved elevator to separate the tissues 
from the growth and thereby to enucleate it Tins I suc¬ 
ceeded but partly in doing and,owing to the fact that the 
thin portion of the anterior wall of the grow th became rup¬ 
tured, a portion of the contents escaped This was pre¬ 
served for further examination and found to be composed 
of fat In conjunction with this substance other tissue of a 
firm character was found, which was afterward shown on 
examination to be fibrous connective tissue 
It was with some difficulty that the growth was separated 
from the surrounding connective tissue, and along the pos- 
tenor surface it was attached and firmly adherent to the 
pre-vertebral fibrous tissue The attachment of the growth 
extended tiiroughout the posterior surface from a point op¬ 
posite the base of the uvula to a point opoosite the aryte¬ 
noid cartilages, being the area that the growth occupied ex¬ 
ternally as indicated during the first examination It was 
with ronsiderable difficulty that this attachment was re¬ 
moved from the vertebr-e, requiring careful dissection The 
removal of the grow th was attended with very little hemor- 
sSfeubsideT® ^ requiring ligation, and capillary oozing 

Kthoroughly cleansed with a 
^oovT ^ mercury (1 to 5000) was completely 

packed mth iodoform gauze, not only to render the parts 
thoroughly aseptic, but also to prevent food from enterinc 
the sac Notwithstanding the fact that the sac was as com^ 
pletely filled with the iodoform gauze as it bad preriouslv 

much mS 

m il . the operation She was placed uponTte^ 
ilized milk diet which was maintained until the pLta had 


is 


a 

has 


to ml removal of the growth was allowed 

I” granulation, requiring about two weeks At nno 

This growth was evidently a combination nf « i. 
om. nolle .Bd a fibrchpoLa, STb.crae fe S 
portion had become liquified bv the heat of tbo e 
and hr the motion and pressure trwhmb /t ^ 
lecled A CO fo 


par- 
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tho tarn’or”mstako^, °a post-phMyngLl°ab’ 1 Jh ®/al firI^ryngolosu.px^b. 

;=j rs, s “iyi " a'-iSSiTB #,=- 


cause 


jocted SO far on end, side of the larvnk as o T.eof &pt 22,isra 


partmf obs^n d.ou' of 1 e S™. ^so'of Te and n fops” 

pharynx by the growth .nterJerrg ^^“tbs .ngre ScKarlndedr 

of air ^ wuicu was extended around the cricoid cartiJaae with 

--- this cartiJagPelf onty 7emamed 

mPHTnEBiTic cRico^ rn';^n“stTr?br;;tied™;srs 

AJSD ISLLROSIS buried in a tissue of soft granulations At last ex- 

O" {'«'■} »bo1orj nnd Otoiopj, tit tho iorty iifth i®ted a general edema of the larynx, which exulamfifl 
Aniinnl Moetlnp of tlio Aniorlcnn Mtdlcnl Assoclntlon, hold the dvHnnAo » wuiuu expiaineu 

lit Sun irnnclcco, Juno C-8 1801 oua uyayutia 

BY PEOFESSOR RATION BE LA SOTA YLASTRA MD t that I could find in the medical litera- 

^KMlhT ture, which says anything with regard to the appear- 

The .d.op„tb,c .„nan„n„t,on of f),e laryngeal oar- 

tilages 18 considered a rare nflcctiou by the greater onmioi fu ^ tJie eiguth 

part of the authors who instead affirm that the lar- soc.ahon, held of PhiMelpCinXf im wttt 
yngeal perichondr.tie and chondritis, as manifesta- of a case cf perichondritis, studied the causes 

tions of oertam cons itutional illuesses, pocken, ty- of this aaectiou in a splendid work) meXn 
plioid fever, syphilis, lupus, cancer, tuberculosis and diphtheria ^ ^ 

mercurial intoxicntion, are sicknesses v hich are ob- i have recently bad occasion of observing the fatal 
served frequently I think that the idiopathic pen- consequences of this complication of diphtheria 
chondritis appears many or more times than the (which I think is not very rare) and by it have been 
symptomatic, and if wo do not take notice of It with many deaths attributed to other different causes 
more attention, it is because it terminates generally But before making moie reflections, I will refer to 
by resolution, and passes vitbout being noticed, and tPe history of an interesting case for more than one 
ve behove it to be an inflammation limited to the reason 

mucous membrane, and to the immediately sub mu- February4,1894,1 was called in consultation by the 
cous tissue, which penetrates luto the same cartilage well-known physician, Reyero, on a child of 23 
For \\ bich it 18 called intense inflammation of the months, whom he found with all the symptoms of 
arytenoid mucous membrane, that which not only diphtheritic croup, and he recommended me to take 
invades tlie immediately submucous tissue, but that [Be necessary instruments in case of necessity of 
which reaches the crico-arytenoid articulation, be- performing the intubation, as he supposed 
ginning lu many cases the phlogosis by the same g o’clock in the evening we assembled at the 
articular surfaces after that it goes ou to attack the house of the little invalid, who six or eight days before 
mucous membrane, this being the consecutive in- Bad shown symptoms of the bronchial catarrh, ac- f 
flammation, and the arthritis the primitive one cording to the statement of the parents, who had 

Among the causes of the cousecutive perichon- not been alarmed and had not called in the physician 
dntis only two authors notice the diphtheria, Gott- until that same afternoon, because they did not think 
stem and Bosworth, the first saying, speaking from it fever, and notwithstanding that he did not 
the etiology of the perichondritis, that this “can ap- ]ike to eat, because he felt a pain in swallowing 
pear as joined to an ulcerative process already ex- coughed frequently, was hoarse and was unable to get 
isteut of a diphtheritic character, but without stat- np^ but breathed well, they had confined themselves 
ing if his affirmation is purely rational or deducted to have him protected from the cold, poulticed lu the 
from the experience, and the second cites the diph- neck, and giving him some warm milk They gave 
theria as a cause of the inflammation of the laryn- Bim also two emetics of ipecacuanha, one every sec- 
eeal cartilages, because one of the 33 cases of pen- ond day the latter one that same day, and notwiih- 
chondritis observed by him was produced by the standing the two operated well, as the illness not 
dinhtheria Volume II of the Journal of Laryn- only remained, but increased until the difficulty of 
floZooi/ naeeB 366 and 367 coutams an extract of a breathing inspired the parents with some dread, they 
rase^ nublished by Jacuborvitsch, from St Peters- resolved to call the physician 

bura m the Arclnvcs fur Kmderheill , Vol 10, No 1 The state m which Dr Reyero found the bttle m- , 

<< Ti wns a child a year and three months old, which valid five hours before the consultation, was a little | 
fbfi scarlate The diphtheria of the throat more or less the same in which we found him when > 

n^inLred several weeks after, and the diphtheritic ^re joined for the consultation, and believing the child i 

^^A^nhrnnfis nersisted on the tonsils and upon the to be in a very grave condition, Dr Reyero had the I 
vault during two months There was consultation immediately I noticed that it was a 
pharyng Tracheotomy was larger child than its age seemed to warrant, and 

.a. oove.d pus ana .u tke exp^^o, .as . h 

m embranes ----mouth, the cheeks wore very higc 

1 Lancet, London, 1870, Vol II, P 686 
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colored, but the ears, the lower part of the face ciently, for it descended to 38 degrees, but it rose 
and the nose were pale, the wings of these latter again during the night, the child did not wish to eat, 
moved when he breathed, the supra and infra-clav- it was sorrowful and did not speak Kotwithsland- 
icular, and supra-external foss-e, and the epigastrium ing, the respiration w as performed easily, and the 
fell down profoundly during the inspiration, the false membranes were e\ery time reproduced with 
sclani, sterno-cleido-mastoides, pectoral and ab less Mgor 

dominal muscles concurred with their contractions On the sixth day I determined to take the tube 
to introduce the greatest possible quantity of air in away, that I had hesitated to take away before 
the lungs The respiration was shallow and hasty watching the bulk of the introduced instrument* 
(38 every minute) the pulse was feeble and quick The child passed the day better than the anterior 
(112 every mmute), the skin of the extremities was days, he had sat down at table with his narents and 


.u.u, ana rue axiiiar tempera- Had wished to eat what he saw, though he suffered 

ture arrived to 88 9 degrees Examining the mouth, much in swallowing it, the diphtheritic sores of the 

appeamd a white and large false membrane, which throat had totally disappeareV but the respiration 

TOvered the soft palate, the uvtda, the two pillars and (a condition that should not be forgotten by what 

the two tonsils The rest of the mucous membrane happened after) was noisy, notwithstendine^that it 

of the palate and the pha^nx was very red and fri- was performed easily as the S eal rSle nndlbf 

able, and to the least light friction bled From the axillar temperature was ra Ld ^ 

e.cor..ted BOS, flowed . bloody .ohor, but the false eylractson oTthe ™ 

membranes were not seen there At auscultation we well, but in the mordent thK ^nf 

noted a noise of large bubbles as much in the onfo moment that it was taken awav 

nor part as m the posterior part of the chest Onr fnctinn no-n h'ben I belieied that by it'a 

diagnosis was pharyngeal and laryngeal dinhtherin lent fits laryngeal wall, the mo- 

and extensive bronchitis ^ trachea, I observed with 

We made a very dangerous procmostic notonlvhv cnrrLf ^“ that they were carried down by the 
the advanced and extensive Offering, but because began to snffe^tbe ^ “i^’ afterward the child 
the grippe was existing m Seville at that time We the asnhvxm T o paroxjsm, precursor to 

feared that the bronchial catarrh would assume an in disflniwnr i i ®^P®°ted that this dyspnea would 
ective character If by chance it had not yeUssu Jd in othe'/n?e'^^^ occasion to ob¬ 
it Notwithstanding, we agreed that it was necessary tube which persons, and examined the 

tioQof the .b.olute pbsDo probably by “omi 

soda (20 to 100), these three colleague’s attenhonTn on 

War A, 

S*'1 “ 0 l brak wh,*S't°fen‘to S °e ‘'■'t'’'"®’ 

Potassi chloratis, 4 gram’ to say that the tube hod n floor, I ven- 

Aqua, i^cc^ ^'^wSn hours^^^ obstructed from 

was given, a teaspoonful everv ll,^T.y. j ®tat8 of the^hdd'lA^^'^ m these examinations the 

vised that nourishment should^e often tnl ^b® ooise which ^®^®® I observed ••t 

care to place the mvalid wiS hAw glottis, and L fr end P^^Bsing the 

ipssisslssiiisi 


Raised to 35 8 TeLees T^’ ^omperLuL c ai re ^ or f^L minS^ 

•“" ‘ ssss-B-:? 

soeen in BQch great anxiety 
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Wc Bllribvitwl ^\hnl happened to the aggregation 
upon (he iMiig of the liachoa of layers of the false 
luotnhranes and of a great quantity of semi-concrete 
muco pus, and wo decided to leave the tube for two 
days more, liolding same medication, but stopping 
(lie piinding vilh the solution of phenol, because 
(ho diplilhcritic sores had disappeared 

Thirty eight liours wore passed without any acci¬ 
dent, (he iempcrntiiio had been normal since thefol- 
loMmgda> , (he same in tlic morning and evening 
'rhe child wished to eat, but the deglutition was 
iilwina painful, the respiration was nccomphslied 
without noi‘-e and suddenly at a fit of coughing the 
tube was o\pc!lod I was called and w’oiit with the 
haste winch was natural after what happened tw-oi 
dius lieforc, and when I arn\od at the house of the 
iin'alid, which i^ \ery far from mine, I had the con- 
.^olntion of tinding the child respiring, though with 
great pain 1 w ns mirpn^-ed 1 hat the tube w ns expelled 
so coon, hecauco it w ns mucli larger than usually used 
in a child of that ago The dj spnea reappeared the 
moment the luho was extracted, and increased until 
nenrh n-nln xiatcd, altliougli the lumen of theinstru- 
mont'wa- clean and wo could not hear the tracheal 
rattle hut we could hoar the whistle which the air 
made in the glottis, ns much in the inspiration as in 
llie expiration I performed intubation for the third 

1'rSur.u., amf nil .cmn.nca -j'“ 

l''fo°e”'Kno«in 6 Iw" Sjll.ous nnd long are them 

parahrfttion of th dav the dyspnea had not 

kolnalHtnm ing, tlm^ I 

been as earl} and ns 7 ' , . determine 

hoped that the nfuscles lu thinking 

the contraction of the a new consultation in 

of theso th.ngs "» tube, beeides 

r a,?'not' .j^pol tt J "n/Sf a 

:?e7ir:tl"tute lor that placed, m oaee >t «re 
°’^On*theBO two days of'’tfe ™arent8 I tool 

mention, and to 5 f tlie’^lotter day was 

’"'■'bed ‘'ftieu placed'the th.rd tube of the short 
Sob and lo^ “ief^th tranqu.ll.ty , the 

Tw'O more days w'ere p pain m thelnr- 

onlv unpleasant phenomenon petmanency 

?S 8 ined,inmyopinion bythelong^^^ 

of the tube m the 

gjxe of taking awa) ® that evening, hut if 

in the hope of «““';‘"®Xch it seemed that the res^ 
fhfire was a moment m , passed, and the 

mStoB was 'rwae toPeatod Wrth dm- 

pocuhar respiratory wh « ,jot wish to repeat the 
hnst I listened to it, but i I qo 

' “P^'^TtheffiXtoarf hie th'S 11-very 

a^rSfo^aScannottoeethet;™ 

repeat the intubation 


The child resisted all our maneuvers, thus as 
soon as he saw the gag he closed the teeth, and there 
w'as no human force that could separate his jaws, 
w'e vexed and annoyed him every time that the gag 
was applied On this occasion the maneuver was 
something more tedious than the anterior ones, and 
a tooth was knocked out, the little invalid shook the 
head in the moment of nausea, so notwithstanding 
our efforts to subdue him I was only able to place the 
gag in an imperfect manner So I performed, hut 
when I put my finger upon the head of the tube in 
order to withdraw the obturator, I observed that 
the larynx fell down until I could not touch it vrith 
my fingei I stopped in suspense What had hap¬ 
pened? Where had the tube fallen down? That 
tube of w^hich the diameter was triple, that which 
corresponded to the age of the child? To the sub¬ 
glottic part? To the trachea? Impossible, because 
the shortest tube placed by Brothers in the larynx 
of the dead body of a child could not be made to go 
dow'ii to the trachea, far less could this large tube fall 
down BO small a larynx and with so light an effort 
Guided by this reasoning I took away the thread 
Notwithstanding so nervous a Person, as I, can no 
rest under the power of the imagination without 
suffering dreadfully, and for that reason I decided to 
take away the tube I introduced the extractor and 
nutting it w^ell down I managed to seize the tube and 
fake it awav I had nothing to dread, but it was 
necessary to repeat the operation, and as 
had the mouth open, and recollecting what I had done 
^few Lyrbefffe m very exacting onoumBimoes l 

Stoll r , tbs esophagus to^^oontoSs?; 

KS!:, :«y -r, ‘*>ou^b 1 

Saud rttVame mi 

tbs largest shorts t,^ p^ 

SSeb f «3e4eUppea b, 

I d.d not ‘to““%“J“”Votrtrstandmg I was no 

upon the vocal v ’ p^gd for the paralysis of 

able to explain wha PP^^q^cieut reason for this 

the abductor muscles was not 23, and 

r^rd^rtbs^pt^ 

Sr'wUloro? “eo.r.o.fy ’to the paralysed 

muscles , the 26th with a great 

By misfortune, I wok _Ki,ged me to remain in 
supercihar neuralgia. whid' oW.g „ a 

bed On the evening of ^ for its age, 

fhe latter tube, bo 

and the father called me ^ the 

■who was suffocating disciple and , 

f:^Brolog.to»raBddo^batbeb 

2SSorc» SoS.?.S 
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the larynx to a place where it could not be touched 
by the linger That surprised him as it had sur¬ 
prised me, but he had not time to pre-occupy himself, 
because he had scarcely taken away the thread than a 
fit of the cough expelled the tube out of the larynx 
This scene was repeated six times, on the third, after 
the issue of the tube was a moment of imminent 
asphyxia, a whitish body appeared between the teeth 
in the middle of thick and sanguineous mucosities, 
which Gallegos seized, believing that it was a tooth, 
as the anterior, separated When he had it in his 
hand he saw that it was not a tooth, but a white 
opaline substance, from two millimeters of thickness 
by ten and seven of length and nine of breadth , irreg¬ 
ular, concave on one of its surfaces, convex on the 
other, with two even and round borders, oue super¬ 
ior and the other inferior, and with two dentated ex¬ 
tremities He considered what it might be At first 
be thought it was a piece of epiglottis, but when he 
ixamined this with the finger, on making a new 
ntubation, he observed that it was intact He 
ihonght then if it might be a substance thrown from 
;he stomach, but none of the food that the child had 
uken could contain anything of that size and form 
Believing that it was gristle he wrapped it carefully 
^ a paper and continued attending to the patient 
tired and weary because the tube was always thrown 
iutby the cough which the extraction of the thread 
laused, he decided to leave it, reminding the mother 

StaottS'tabr ‘“•‘“"O' -'•s 

On the following morning Gallegos went to see the 
patient and found that he could take the thread with 
being expelled, and he came to tell me 
passed and to give me the tube which 
3 ad fallen into the stomach, fnd that before twenty 
.our hours it had been expelled bv tbo nnn ai^ 

nrKrTheits 

m the preceding night I staid m bed Sffenn^ 
rom neuralgia, heard the relation nf / 

seized that nhich he gave me and lonkeil riand, 

rrrs .f,.?. ‘"fi - 

: 

nswered, ‘it resembles more a E ^ 

irane, or apieceof loosened and dried voca" corT>> 

.wVr t“rid iTSr ■, ■ t-. 

'eheied that it was the fpiglotUs ^ 

ouched it with my finser® nnJf ^ 

as complete ” “ If iFif 
t vill be a piece of the cricoid smtirb^^'^i 
leave it, for I can not spfak 
u mj cabinet table ” Obs^mncr^fi,/1 j® 

■Inch I was Gallegos departed’ afd 
be parents of the child arm crl ^ ° 

3 om with the httle patient 

■■te, .„d I told lh.nrt„?,L hm to 

erformed the intubation Lff lU who 

jotltot 6t „t co,6h.„g ?i,re 

hild remaim d without it allThnt c>t 'Pbe 

le following night ^ afternoon and all 


fluids, and that his general state had grown much 
worse since I had last seen him, I advised them (o 
perform tracheotomy , for it was seen that the paral¬ 
ysis of the vocal cords was so great that they wanted 
the necessary tension to retain the tube I indicated 
this to the parents the day before, but they did not 
wish to have a bloody operation performed, ymt at 
last, knowing that if the trachea was not cut their 
son would die, they asked of me the cannule of trache¬ 
otomy corresponding to the age of the child and 
with it they went to call Royero Unfortunately he 
could not go to the child until 32 o’clock, half 
an hour before this, died, asphy xmted, that fine child 
who during fifteen days had passed through so many 
vicissitudes 

As soon as I was rehe\ed from the neuralgia 1 
begged of my dear friend, the illustnoua Dr Roqnero 
Professor of Histology in the School of Medicine of 
a microscopic examination of the 
body held by Gallegos Roquero then immersed it 
« pure dielilletoa unter, and e^amimd ‘ 

microscope a section, and saw that it was a hx aline 
cartilage, and that the piece would corresnonrt t 

Tbe “rterrS f ““dTS 



articular facets upon which thn t 

turn round, m the middle of cartilages 

tinguish the proiectinv iTnn +1-. t P^ate one can dis 
the (wo halvfs oTtff iaf SlfT onion of 
sides you can see some rrgosit^.f the 

mserhons of the posterior S co ami 

they ought to be, without dou^t^w^*^ frequently as 

to people not thinkina ahc?f ^ “cat impute that 

specific process As there^f ^“flammatoEr 

be permitted to suppose tLf barrier, 

eritic process advances tn ™aoy cases the dinb 

Vealr fSo ^ j and 

P'S«<, aa to ‘S’ uSrSel 

happening before tC ^ due tn I 

be canons in all its E ® frr the caJhJ 
small sequestre couM ^^«t either 
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to pui^poso thnl there ht\vo been cneeB of expuleion 
of the cartilaginous pieces, but unknown or not seen 
In the assistant persons 


iiii* 1111**IIIMviD uiii' IIAA or not seen 

the assistant persons 

I ha\o saiil that the piece taken from our patient is 
worth as much ns an nutops} or more It explains 
to me win the child was choked ns soon as he expelled 
the tube 1 imputed it the first time to the mucosities | serious 
and detritus of the false membrnnos accumulated 
upon the sjuir of tbe trachea, the second time to « 
pa rah SIS of the dilatoi muscles of the glottis 

1 1. 1 I_.*1,^ .iiitiirn O’lllH CPf>nT 1 f 1 i.inifi I WSS riC 


a 

the glottis of 

diphtheritic nature This second time I was right 
idmiit theparahsis, but I was w-rong in its cause 
'i he periclioiulntiP must hare appeared in those first 
eichl da\s in which the child did not have theneces- 
^ar\ im'dicnl attendance as proven by the nitense 
dispbama manifested hs the little patient In the 
moim nt of the first Operation the cartilage must have 
p,,,, unmor.ed in a bag of pus, formed under the peri¬ 
chondrium. the bitoral parts of uhich were probably 
^ ow n carious During the first six days of the per- 
nianem o of the tube, the porichondriiim and cartilage 
I ned ulcerating and then the crico-arytenoid pos- 
3 „,uS,- Moro lost n, „ groal part of ,l 8 exteo- 
Eor this rea'son the \ocal cords united as soon 
:" l ». I’ns tnUn nMay.ancl Onstled .0 

^ tiu Ii , imich 111 the inspiration as in the 

pn-’Miig throng , jj^^ger 

expiration 1' ‘ ® for ^ child of that age was 

fit of coughing, and the same happened 
expelled m a li o co g g, 

^^nh the f ‘ finger,because 

the lari nx,u hen 1^^^^ soft parts and 

tlio larNiix lackc iPo base of their support for 

,„o h«r;l psrts , ° rZge ,s 7 he fun- 

It is iiell kno' > It'ot ™ a„t „ii other 

damcntnl cartilage o YRien so consider- 

p„rls of ci.Z ng givsl nay «» gave e-ay 

able a part ' ^ n ?,^Cterior^laryngeal uall is put 
i„ tins case all tho .Vilattened or are 

out of Its place, part of same organ, 

r‘:k":nkrcrr. .ngoa necessarily sin^ 

ndliesioiis oUbfres us to think that it is 

But the case also of o’Dwyer 

possible that one o the ° <U ' fJ, p„etor Bro here, 
call ilescelii m “ , | prove tbe impossibilit) 

after hiB experiments, uhicl P .j^eight m the 


find myself in such a difficulty, for ^ the future I 
shall have to dread it, although it may be rare, and 
I shall so tell tbe family 

But if this case has given me a motive'for fear, at 
the same time it has given me another motive for con¬ 
fidence All the authors, when writing about the 
serious accidents of intubation tell us about the ob¬ 
struction of the tube by the false membranes or by 
otlier cause In this child I found the tube completely 
obstructed when I took it away tbe first time, and 
notwithstanding the child breathed perfectly, and 
more, the dyspnea began as soon as 1 extracted tb? 
tube How do you explain the phenomenon? I be^ 
lieve it very easy Place two thin bauds of caoutchoia 
of five millimeters in breadth by twenty m length ii 
' form of ribbons upon a tube, so that they are touchei 
by its borders, but are not very tight Between tw 
bauds 18 placed a little tube of O’Dwyer, and it wil 
be seen that the ribbons remain separated two o 
three millimeters in front and behind the mstriimeu 
\Vhat more suffices for the respiration to be macl 
with relative ease? A similar thing happens in tli 
larynx The vocal cords are relaxed as in tr 
present case by the loss of resistance of its posteric 

^^Fmally, this history also teaches ns that we niu 
never Iry to extract a tube without having anoth 
prepared to introduce, it it ''ere MceBsary, as ha] 
Lued tbe first time I took tlm tube If, the 

Ma r*rs.:: 

viously indicated it, I now show it 


retro pharyngeal lymphadenitis 

Read in tbe Section on MedSS ^old 

^u.ualMeetln,omhe^Arne^^ Jnne ^ ISOl 

byw e oasselberry.^md^^^^^„^„. 

It 18 now the cerv 

- ti'e luxation of theJy»Pj 

ll'afjairttTol cases aua^ 

especially ‘S “ “wciiitis is common air 

system Ce”'eal ly“f “e'roulous, ^ut otteii 
Tri_,.,^nQnf.lV It 18 hu>->'v i_i.Ur.-i. onnn 


especially uadenitis is common u» 

douht that when tb® eeq'W ring, the d'emet" “ oon-siippMative, results „ 

, 11 th the anterior part ot part'ean of the t existing toneilhe ^ ^^^^rmalile to re 
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lous and suppurative forms of tonsillitis, as well as close anatomic stud} An inflammation commenced 
those forms of tonsillitis and phar}ngitis vhicli are bv infection of a l}mphatic gland vould be likclv to 
symptomatic of the exanthemata, may reasonably be iniolve, also, the surrounding connectne tissue 
regarded as the most frequent causes of retro pharyn- When located low doiin in the lary ngo phnr\ nx a 
geal lymphadenitis comparatnely small swelling may speedily occasion 

Whatever the source of infection, the initial stage suffocative sy mptoms 
of retro pharyngeal abscess is retro pharyngeal lym- This paper includes within its scope tlie treatment 
phadenitis, and moreover the lymphadenitis maybe only of retro-phary ngeal ly mphadenitis not that of 
of a non-suppurative type, or the disease become abscess, and apart'from general meacures the onlv 
arrested in this stage, undergoing resolution without symptom of the former affection likeh to demand 
the formation of an abscess This simple lympha- interference is dy spnea Ha\ mg made^ prelimmarv 
denitis has been but rarely observed in this country, punctures to exclude a possible collectioLf pTis ?h'e 

'"‘‘"I" abscess, men question of tracheotom^ must be considered Tntu 
tions 112 cases of simple retro-pharyngeal lympha- bation is out of the question, for the came swoMm ’ 

Pe^er g 'be'" "f Ihf 

I would report the following instructive case Bokai' finds that tracheotomv is rareh neces^arv 

have elsewhere described under the name of mfeStmus thele« Bokai* becomes imminent Yeier- 

peudo membranous tonsillitis which was prevalent at that a case Similar to the one here- 

’ K a in several other cases, under my observa detailed in which he performed traehentnrr.^ 

occasioned pronounced cervical lymphadenitis It was a child 8 months old fhonocfot- -Otomy 
As the tonsillitis subsided dyspnea commenced and in pharynx showed difTnco V. ’ , '"■all of the 

creased for two weeks, at which time I saw the case in eon i ° snowed diffuse hard swelling without flnr 

had 

dicahon to the 


a,..: Iiegauve, out careful palpation disclosed a hard F 11 recovered 

tumor which projected from the posterior pharynglal wall in diphtheritic croup, early aee is n 

,nnnTsl'““ extending downward sufficienfly to preas ‘“^‘cation to the operation of trLbff 
this tumo^bTflded mevacuaiTutaSd pharyngeal lymphadenitis, for herL^h"!?, 

satisfied bv its hardn Pcc -_-a ti otherwise two cases under 1 v^nr «««_^ 


t.on, /rZZ to 

p-pptip wpSLed 

lution without suppuration or at _ 

VALVE OP 

child recovered ^ ® withdrawn and the (ENDOSCOPY OE 

depend first on a corS diagn?siB°''r)y%''nea Ts^the fifth 

hena by msp_ection of the fauces and T a™_ , «A^ raA^ cisco cal ’ ^ 


n, V it 16 easy to exclude d,,,!, —-x wagXEr vr n 

thena by inspection of the fauces^ and if ° t f^'-wsco cal ^ 

to exclude both spasmodic and equally easy I am convinced that we all are nnf i 

the presence of an unimpaired voice^T^ if treatment of empvema snccess- 

6een identical symptoms of snffncif ’ ^ Highmore and consequentlf*^f^ the antrum of 

a large collection of “adenoids” m fb°° Produced by Perform a second and more extent obliged to 

which by pushing the vein^ nakh dff^° has taught us the realTaf^S of 

forward, caused it to impinge o^n the d^nf- f thoroughly eliminate the elS se, and how 

apd thus impede resnirafanif dorsum hnguie this may be avoided bv a existing trouble All 

excluded and the positive dmeno^!s eonditiou can be- of the maxillary sinnfbv ocular inspection 

Real lymphadenitis mS uThy'teT^ antrum ^ «°troscope^the endo 

rn'^ef„Te.fg-"gr“ - » =™de stale 

Having located Srtumor n'^" f as'V'^f ^ for illumiLunJ^l osel 

the pharynx, the presence^orf b=a P°®]®rior wall of endoscope for the antfn ^““^lar with them Thl 
determined by a puncture or t^^w Perforating throfS'^tb" "f^^'^ded to be used 

carefully made by a bistonrv ti?^ P^^ntures through the fossa onmr, alveolar nrocpcc 

the tumor varies'in differei^ c position of the proper curvatnro if^ also be^ncpd ?u 

gea lymphatic gland oppose the m which thp i ^ 

V n..rde”i,'e"7k“J -ere pro.ep 


;er.ebt..b„,.| fs'TAlXT'.t™ be";", a,™'"'“‘'“'“Pe ba: 

lt.s pos,t.„a, aad that ^,be“ ^toSd^b'1“'! ?“■“ “OSSSTSTsF?---— 

located by 

Heft 
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lhoc„Mlv! Sr„t^rd“ rt.ch trwo'rk^ lo-g through 

;.0 ,„c„,o, uh.o,. ,.„a hu.,t„ »or„.p„r“,“? fu7ho.taVtt‘t “SI ?!£■?: 

ro(;„"i'"" ”■'■ “p'“«- p™«B 

I Tnnscorln.ntliortinoronliul diugnosis ot ang,. .‘."mastoidVaS™ “ W mpairs its efficiency 

To fnoililalo (ho thorough scraping of the ne- the permanent 

crowed hnno In ,u,.iins of n lientcurGlIo—introducnijr! be semMl 


^ I , ' -- J UUUAo U I TjIRV 

° enft^rf ^ beeswax to prevent the 

entrance of blood, etc After being used, this wax 

will run out on the application of a little heat A 
mop of oil should then be put in the same openings 
8 hau?''^°^ ‘corrosion, or sticking of the adjustable 


tir‘-( (he curc'tti' and then tho aiitroscope 


NEW INSTRUMENTS 

1(1 tl(. yit rtloit on 1 nn npniocy niiil Otolop( nttliolorlj fifth 
\nntiiil 'tdtlnt of tin Imortciin Mudicnl AHsocliitlon held at 
‘^nii 1 rant I«co JmiL'r-h ISOl 

nv sSgTII SCOTT BISHOP, MD 


‘^nu irant Nco JmiL'r-h ISOl ^ PERIOSTEUM SEPARATOR, RETRACTOR AND CURETTE 

B\ SI^TII SCOTT BISHOP, MD ^bis hoe-shaped device overcomes a serious objec- 

jiorr-^oi ofdToLooi isritr rokr onAtiuATF jitdicai rchooi and tion to the misnamed periosteotomes we have been 

nnum*F ^n'Tl^\cTons instruments should not be tomes 

“ " " They should not ent the membrane, but 

Xho (lounio rGiTnclors (ukc tho pIncG of nu Assist- should lift it from th.6 bono id continuity, so as to 
nnl in kooping (ho soft tissues out of the way of the carefully preserve its integrity 
oporalor, and in controlling the hemorrhage during ____,================>.r. 

ninctoul and other operations of like magnitude 3 

Tlu' retructorc consist of t\so shafts, each armed with | |i ifiiiH'ii^ 

a sene'; of hooks that can lie brought together and m 

interlocked for insertion into the incision, w hen they The old periosteotomes put the operator at a disad- 
can 1)0 separated and fixed at an}' desirable point up vantageby necessitating an unnatural play of his mus- 
totaoinohcs apart After they have been draun cles With a pushing motion one has not perfect con- 
uparl ns far as may bo required, tho thumb screu on tiolof themovementsof theinstrpmentnnditislikely 
the fixation bar next to the liooks should be screwed to slip and cut where it is not desirable to ^vound 
dou n firmly into the bar, the handles should be In the use of this kind of a lifter the motion is one of 
pressed a little together until tho tissues are veil drawing or pulling toward one’s self so that the mus- 
ulretclicd ns the distal ends of tlieretractors separate, Jes brought into play are, together with the instru- 
len (he thumb mit on the thread bar should be ment, under easy control—on the same principle as 


urneddoun against the movable handle 





the farmer’s use of his hoe, after which it is patterned 
As the separator serves the purpose, not only of 
detaching the periosteum, but of retracting the loos¬ 
ened tissues, or of curetting necrosed bone, it may be 
said to constitute three instruments in one 

EAR ASPIRATOR 

This instrument is for the purpose of evacuating, 
or aspirating, the middle ear and adjacent cavities of 
pus It consists of an improved air pump and ad¬ 
justable glass air chamber that fits into the external 
auditory canal by means of a soft rubber covered tip 


nHinstfid the tissues A few gentle tractions of the piston will draw out 

'C oufot ito Snn^ tlieir pressure on the the discharges from the attic and deeper recesses 
can not sl p out Of Its jnws ana uie 1 ^^^ter the most thorough ordinary methods have 

Btretched lips of the hooks provfd proved futile Not enough force should be eniployed 

to a minimum In one ^ L cause actual pain or much sanguineous eftiision 


"[Lfold oJeratTons"' i'he outer half of the shaft 


rs can be slipped out of the inner half, 
rgTope.™rtw^°mTe» to thre/and one half] 


The pump IB serviceable in chronic cases of canes 
of tL attic, aditus, and antrum m order to obtain 
complete evacuation and cleansing as the first step 
'in every treatment 

These instruments were made for me by Messrs 
Cbas Truax, Greene & Co , of Chicago 

Columbus Memorial Building 
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exempt We ma^ therefore veiyPaturally and wieely ^r? 
conclude that it is unnatural for cmhzed iioman to 
BUffer so univereally as she does to-day; and that’V-^ 
ciTilization in disobedience to the law of Nature, is^'^ 
the true cause of her present anffering during gestai^',,^ 
hon and childbirth Thus we may . . 'a' 


THE CARE OP PREGNANT WmEN 

Besd before the Aesoclstloo of Atnerloan ObstetrfcItQB and 6riiecoIo« 
gists ISM ^ 

BY william: b betvees, a m d 

SAUNA EAX 

It IB a stirring conviction with -many reputable, 
earnest and progressive obstetricians, that the tune 
has come when we must disclose our power to the 
world by increasing the usefulness of onr labors, 
and begin to use it for the prevention, as well as for 
the alleviation, of the sufferings of pregnant women, 
as has not yet been done, or else get out of the way 
In such an event, deliverance will come to this class 
of suffering women from another source, but woe to 
those of us who are found at ease with the assump 
tion of this responsibility The responsibility is 
wmendouB, but the obstetrician can not evade it 
He may selfishly shirk it, but it is absolntely out 
of his province to shift it That it is our most 
sacred duty to purpose awakening the profession bv 
arousing one another, until each and every member 
IS fatly astir m the line of progression-the indiffer¬ 
ence of which 18 the greatest hindrance the medical i 
profession has to contend with to-day—is the writer’s 
^ speciahst just now is being 

ever known m his history^ 
Whetber we as obstetricians will endure it, and turn 
about to accept it as the greatest opportunity the 

SrtTbeaJand'rt 

ness to bear and heed the voice of Nature so verv 
clear and distinct to day These ore mattSofVre^ 

uot.'Sd'S VXbat wt of'jr 

most marvelous and for tha 

depreciate in the least Hooraar. ^ to 

and the glorious advlcS 
for human physical betteri^nt profession 

by all other organizations combmed^iVthT“^^”*^®'^ 
But, it must be rememberpil ti-o)- u respect 

;» JMt this that g™r,?iScL'™ ‘"’ It 

Witeen what she has doormd ° hon?d‘h' '“"t’Ml 
She has need to be taught aaain bp ? ^“7® 
preserve the human body sfnnd ^ 
firstprinciplesof theoracTes of begin the 

niedicaTsSSe, nLdy " f to west 

allay suffering, and 3 to bon k 7 ® b. 2, to 

immediate duties of'tfae obstetncf 
life, to mitigate pam and to ovn 7 j preserve 
natural or accidental difficulties 
and parturient women are coilJtLM Pregnant 
Jady of the diseases and dTS? The 

with a state of pregnancy and^^ encountered 

to? Jr and havmg at though 

the ^eatest attention of Lvln. attracted 

exceedmgly difficult ThiamCn 
atones for the fact that our probably 

jentmues to be full of errS^ stiH 

=?w.rcT r-- 

are comparatively 


"Find out the canse of this effect. 

Or rather say the cause of this defect, 
l^or this effect defective comes by cause ” 




It 18 Ignorance, as well as carelessneBs and vicaons- ‘ 
ness, that has brought about the existing abnormal','-" 
condition of civilized women Thus, through nnt'7- 
wholesome civilization have come fixed habits of" , 
excesses, and if excesses niuefc be indulged, evil con*' 
sequences will follow and mnst be endured, for u 
Nature’s law would have to be changed before they\ 
could be either prevented or banished by any method 
of treatment It follows, then, as a natural conse-^ "^ 
qoeuce that to prevent these sufferings will depend, 
not so much on treatment by application or admin- '' 
istrationof therapeutic agents, as on the Buccessfnl 7 
education and training of these women, so that they 
will learn to know how fo~nnd will actually—culti- < 
necessary self-disciphne requisite to enable'" 
them to prevent the continuous irritation from' 
excesses m their modes and habits of life If the 7 
writers observations have been correct.and unprem-r^ 

diced, It seeme thet a revival of k,>mwc m ol?M-'‘ 

tined to find the true cause or causes of the unnat- 

nrolifif ®«fl'ering of civilized women The 

K made toronublhfi future mnst'-^ 

ont^v knowledge that will be wroagbi -- 

out by the devotees of biology Thus we shall firfA-'t 

cessfuily prevent tbp regimen which will ^uc- ' 

.ed perS’rwomen 

obtain only by an adviinL,,°^, obatefrio science can 
When this tr^th IS biology, 

the thinking mind a vista so to. before"' 

naiy limitations of obste^ 

such genius and expansion of as requires - 

to embrace it in ito eye in order,' 

It tomains, theil fT^nr obtains', 

rigid scientific investieatmo endeavor ,.by 

logic studies, to bio^-' 

ingfrof pregnant and Buffer-, 

nune exact measures Vr ^ women, and to deter- 
A’r neutralizing their effeSs*^?^®^ ^^®®® 
eluded detection or whenever they have - 

directing our studies chieflvTn Thns.-faj,- 

and diagnosis, and hav.nw 7 ^®lution to etiology 
^use It will become ea^ true ‘ 

prevention, while xntb^ ^*^®^bgenGy establish - 

Cdvanoe m ‘h* neit coming 'gre^f 

be fact, that the general/ 
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iofluKL prevention after unproved 

o .^ inn Pl^ysician mnst be fnlh 

rout'd to the consciouB ronhrntion of the fact IJ 

f Ik"; >’'>"”'’';i3’'"'-6'=iy. lo pro™„"t ;„a."3, 

I UK (imoaBos among (ho women of the fainilm'! 

Orns 0(1 (o hifi oaro Wl,en tine obtaine, Ihb morn 
digationwill impel him lo prompts do hiB fnli 

11* oii '’i R‘yadequate instructions concerning the 

II e oe,s of improper posture, dross, food, drink^and 

Muiranoror -- inchulmg the non for 
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indibcriminato, oncgssivo and ininnie 

howl olo<;omo forboarnneo of coitus during the entire 
icriod of gmstation, (he inierporiungnnd three months 
her.'iiftor, will bo insisted upon, togcthorwithcor- 
'‘‘’f '.'"‘J tlrossing, proper food and drink, 

uul h(>allhful imints of Inmg Aseptic accouch- 
ments will tie faithfully and cfliciently practiced, 
lacerations of (ho coni\ and perineum will be more 
fre(}uen(Iy pre\entod, and when thej do unavoidably 
•w'cur will 1)0 ear]\ repaired, rectal and vesicnl 
tronidcs will, bo corrected in due season, gonorrhea 
and s\pliilis will bo also more froquentlj' prevented, 
and when encountered will be more vigorously 
(roated and kept under surieillanco until all dis- 
clinrgt' and soquelni are arrested And, what will be 
of far greater iienefit to mankind, there will be given 
(he requisite attention to tlie growing girls, with 
special care about (ho years of puberty, that more 
Mgorous bodies and more normal reproductive organs 
bo do\ eloped A positive, clear and convincing pro 
test will be made against the present unwholesome 
state of society which is now urging our girls on to 
degree of cmuscnlatcd physical corruption, by 
uMinous indolence, deleterious dress and sensual 
xcess,and superbly'fits them to live in communities 
)y tliemsohes—in women’s hotels—whereby they' 

-onio ruined for wifely companionship and sturdy 
aternity When that day comes—as I veiily' 
ielie\e it to be witinn tlie province of our intelli¬ 
gence to successfully inculcate—then, and not until 
then may we hope to find that the prevalence of dis¬ 
eases among civilized women will cense to be a 
reproach to preventive medicine Then wnll authors 
and teachers find it necessary to discontinue defin¬ 
ing woman as, “an animal wnth a constipated bow'el 
and a pain in her side ” 

But as yet, at present we are compelled to meet 
the situation as w e find it The condition of the suf¬ 
fering of the civilized women of the present genera¬ 
tion, however grossly unnatural it has be«n culti¬ 
vated, must needs have -our most careful attention 
and require our wneest judgment, lest we fail to insti¬ 
tute proper treatment for their relief In the care 
of pfegiiant women much of great importance de (maniac, 
volves upon the obstetrician, with regard to safely 
conducting the mother through the peiiod of gesta¬ 
tion, parturition, and the puerpeimm, the Preserva¬ 
tion of tlie life and healthful condition of the child, 
and his owm reputation The diseases of pregnau y 
i m "stfonabTy IS a toW only partially aad imper- 
H V etXred When we take into oonaideration 

ninoirreal good"Ton^o S'claL"orenfferingwomen 


"'“'‘iyof ‘be profoandeet invea- 

oS.r 

defending, inquiring, practicing end Sliig'aboift 
Uie better modee of alleyiatnigluman BuffSSgIhal 
ue bare no time and no leisure of mind for quiet 
contemplation, to allow the exercise of the intellect 
to feed upon Nature’s truth, without w'hich it is im¬ 
possible to obtain a clear knowledge of the real 
causes and how to successfully prevent them Com- 
nnimou with Nature was never more needful than 
activity rules all spheres of life 
Medical effort js multiplied and sy'stematized beyond 
all precedent And all these things make calm fel¬ 
lowship with Nature hard to compass We can con- 
quer Nature only by obeying her laws, and in order 
to obey those law's we must first learn what they aie 

For the convenience of our consideration, the par¬ 
amount duties of the obstetrician in the study aud 
care of pregnant women may be classified as follow's 

1 To discover if the patient be actually pregnant 

2 To determine positively if the impregnation be 
uterine or normal, as contra-distiuguished from 
tubal, abdominal, or abnormal pregnancy 

3 To carefully note the pregnant woman’s history, 
including her age, pnmiparity or multiparity, envi¬ 
ronments, station in life, general condition of health, 
period of gestation, as well as her dress, food, dnnk, 
and habits of life To make repeated examinations 
of the urine and ascertain the temperature, from the 
time pregnancy is established to the termination of 
gestation 

4 To make a physical examination for the pur 
pose of accurately determining the diameters of the 
pelvic straits, the Bymmetry and size of the bony 
outlet, the integrity, condition, and position of the 
vagina, uterus, and other inter-pelvic viscera, and ad¬ 
jacent structures, the state of the abdominal mus¬ 
cles , the presence or absence of hernia, varicose veins, 
tumors, etc , the shape, size and condition of the 
breasts and nipples, the condition of the heart, lungs, 
mind, stomach, bow'els, etc 

5 To observe the state of the fetus, its strength 
and viability, as well as the implantation of the 
placenta 

Theso must all bo includsd in th© search for jd- 
.elhgent guidance, as to how the proper management 
of the pregnant w'oman should be conducted With 
regard to the first, all experienced observers have 
found that psychologic phenomena often call ter an 
intimate study and wise differentiation of every form 
of hallucination, delusion, illusion, as w'ell as the 
delirium of cerebral hyperemia, or the frenzy of the 
maniac, from toxemia and eccentric irritabilities 
And that such abnormal conditions frequently exist 
unrecognized, and so continue until they eventually 
establish their peculiar fixed impress upon the mind 
and nervous system Thus when the paranoiac 

woman simulated pregnancy, P^thrmost 

she deceived the better judgment of some of the moat 
skilled obstetricians Pseudocyesis and pseudotocia 
aie recognized abnormal conditions, which so closely 
resemble the normal condition of pregnancy, and th 
S?iMi4 oEarturitm^ demand our highest 

L^crimin^tiv? faculties in arriving at an intelligently 

“ab to tKoond. It romatos « B.iqple self-evident 
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fact that it shoaW always be'positively determined 
whethet the impregnation be utenneorextra-utenne 
. How to intelligently differentiate normal or uterine 
frdhi abdominal pregnancy, time forbids to discuBB 
fully m this connection, suffice to say that it may 
be made by careful palpation of the sbdomwe} par 
letes, together with vaginal and rectal digital exam- 
^ ination and proper posturing Paracyesis end mter- 
sfatial or cornnate fetation are purposely omitted, as 
such accidente can scarce be diagnosed at a suffi¬ 
ciently early period of gestation to be of actual bene 
fit Abnormal implantation of the fetus constitutes 
a most important class of cases with which the ac 
concbenr has to coatead Extra utenne or tubal 


, -f ' 

cation with luck of requisiie physical training, the 
custom of unwholesome food and drink, deterior¬ 
ating fashions of dress and habit of society, unbri¬ 
dled sensual indnlgences, and tbeuoful endeavor to 
eauahze the duties of women with those of man_ have 


goiuuo auu uiBiiuol sympioms are manifestec 
^because no opportunity is had to discover it ' These 
, symptoms are such as follow rupture of the cyst 
containing the embryo with intra-pelvic, or inter- 
pentoneal hemorrhage and shock, as sudden seizure 
, of violent agonizing pain in the lower abdomen, faint¬ 
ing, pale, or anemic surface of the body, cold clammy 
skm, rapid and almost imperceptible pulse, siehine 
respiration, etc Whenever extra-uterine fetation if 
ffiscovered, either before or after rupture of the cyst, 
the question of treatment is a very grave one But 

marvelous and 

murderous condition admits of only one line of 

^ ^ pregnant woman Section 

must be done ho other line of treatment that haf 
been advanced is so rational and certain in the ulti 
mate saving of life as abdominal section Thf ner' 
fected technique as we have it to day makes ft a 
safe procedure We must, however bear 
what experience also teaches us, namely that when 
the placenta is found still m the tnhni Z when 
to enucleate and remove all-_the tohni ^ ^ j 

itoneum, bowel, etc, and still aW if. P’’" 
that Can be done is to let it alonfi i- 
off In thesecases the ultimate efSof ftf^ 
lies in removal of the feine nu ^he patient 

o=e«n.ot blood cloSS“;,fXr'i‘'‘? f'"*' 

the bleeding vessels nack with Zii r hgating 

^at as an open wound, thus allowinaThf^^f^’ 
to come away m due course of t P Placenta 
ly« o«o tbufgoani s'p " 
cleanse out the cavity as fast and 

My most venerable friend anH m rescence develops 
vemty of 

whose experience in these cases Price, than 

tended and BuccesBfDl nn,i there is none moteex- 
to be «cceptS aTSbk 

of trLtmentlat Cfbtn^;,^^ 
insigniecance with this mlnnS 
cases He also claims fhif ffn these 

amdent. being m his expermnJe alSin?®^ or 

only during the summer mSs ^r. 

^ o’^tra-ntenne premnn^^° 

The third brines ns u?? “'«®s 

mBacnoesof tbofeoond.t,^, 5 ““"lior Um 

wealthoaonehj^j^^ ^ J^e accumulation of 


died sensual indnlgences, and tnewoful endeavor to 
equalize the duties of women with those of men, hove 
within the last generation very much detenorated the 
child-bearing capacity of civilized women True, the 
standard of female beauty is increasing, and decided 
intellectual growth manifested by uomep in all de¬ 
partments of science and art, but, in the same ratio 
do we find the remote dangers as well as the imme¬ 
diate accidents of gestation and child-birth have m- 
creased Hence, we find that fiaccidity of the ab- 
dommal, spinal and pelvic supports, chronicity of 
the shattered exotic nervous systems, abnormal state 
of the ovaries, snbinvolntion of the nterus, etc, have 
marvelously increased m inter years, notwithstanding 
the much vaunted so called hygienic advances in 
improved habits of liying and reform in dress 
ihesennnatural conditions are most prevalent among 
the residents of oar cities, and increase from bad to 
worse as we go from the smaller to the larger and 
more crowdf^d marts in civilization They are as 
prolific sources of chloro-anemias, trophic-nerve 

dnrml®’ hyperemias, and prostrations 

during pregnancy among the women of wealth, nltra- 
refinement and excessive cnlture, as are those wmnTn 
who are subjected to the privations and hardships of 
extreme poverty The remarkable fact m histoJp 

tScSndItmTf«^“® increase 3 

tnese cond tions among the women of these two ex 

Hemes oHife, whereas the reverse bolds eoS with 

pSSsSsi-l 

SSHESS-S 

wS«E5S-|S 

from a stock reared in ikI ^ sister who comei 

luxury or poverty The indolence 

weBsior.r + 1 i de pregnancies of too earlw «c 

Bended ns tanght’W' 
period, from 18 to 20 years of ^ 

mamage couch with a murb hofP’ approach th( 

some fruition, healthyto hertu ^ 

will she who enters tL nunH!/ offspring, that 

wnder the turbulencrof Sri 

development, and illy forninln^’, 1 ^*^*’^*^® physica 

storm waves of exalted ne^ve^^lt? 

by over-taxed educational 

of unwhoIeaDine fashion and dndue stres 

who marries late, say after 

retains aU the prodZcfave Jp J f stil 

been debilitated by i5Sated d“^® bav 

leave her with the lla7S no' 

the regulating factors m resiliency of yont] 
end the newly stimulated eno> Srowths—defective 
wasted are reZivel'S fpSafl" hfesomewha 
for the reproductive proces/ tL 

P«rfor£ S: “'5 -fern 


wrrC*%wi fivns 
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Oy the flntlened chest, the Mrnikled face, and some 
fixed culiivnlod hobby—to save the rosy-cheeked 
ma\don of 20 from shriveling into the parchment- 
skinned spinster of 10, by timely desuetude of celib¬ 
acy The pnmapanly or multipanty of the patient 
also demands its quota of consideration in the eti¬ 
ology of the diseases of pregnancy The influences 
of horitaco, personal habits, station in life and onvi- 
ronnionts, unually make up the requisite field for the 
consideration in the primapura, m hereas, in themul- 
tiparn we find it essential to also look well after such 
conditions ns the siituniolution of the uterus, lacer¬ 
ations of the ccnix or perineum, tumors, and defec 
1 1 \ 0 pol\ 1C, abdominal and spinal support, as they 
often load to abortion or to direct dangers during 

parturition , 

The thoughtful obstetrician will, witli inexorable 
diseipline, nd\iso his patient as to the reqinsite 
rtonne The consciousness of his full duty will im¬ 
pel him to in'^ist upon , , , 

1 Absolute, regular hours and w holesomc environ 

hut nutritious and wholesome food and 
clrnit-. InMnR pnnci|inlb 

ineatc. fro^-h fruits, pure milk, and distilled water 

t _nf exorcise, b^ walking or light 


The experience of an earnest rational endeavor 
limited number of cases warrants the opinion 
verv rmie.b Tnn.v be done in t.hiR direction So. 


in a 
opinion that 



sarcaofthe ^ eclampsia, atte 


llUilLCU. liUlXXtJIC)! ui. 

very much may be done 
with regard to the prop] 

which IB a problem of equally great maguituae i rue, 
sporadic cases of so-called puerperal fever (partunal 
sepsis) as well as of eclampsia, etc , ensue in spite of 
all possible efforts, but it is the writer’s firm convic¬ 
tion that these murderous complications can and will 
be prevented by timely precaution and by banishing 
' every factor in their production Preparatory hy¬ 
gienic regulations, antisepsis and quarantiuing will 
as surely save the mothers from these complications 
as absolute cleanliness at parturition will save the 
child from ophthalmia neonatorum 

In proof of this, it is needless to confine reference 
:o personal experience in private practice, for in ad¬ 
dition we find the maternities likewise furnish 
abundant evidence in support of this declaration 
Here we may cite, as the most striking example, the 
indefatigable labors of our eminent Fellow, Ur 
Joseph Price, in his connection with the Preston Re- 

treafat Philadelphia, whereby both 

and himself have become renowned, in establishing 

this fact beyond all doubt or cavil, that these com 

^^A^worTwRh^egard^^ the term, puerperal fever, 
.hich is --fading and ^ to tlm con 

tion It ^^Vi^l^our hSture and be replaced by th. 

surgical sepsis, arising o^i-rnBion of the uterin 

women are during surgical procedure! 

oontenta, Bimilar SS .eptio po- 

soningocourmtiienonp without dl. 

rations upou the , and m hospitals whei 

regard to absolute cl ^ant of prop? 

patients are crowded togetbe t collectt 

sanitation Facts, as conclusive: 

in, any department , of sepsis, uon-sp 

that the infection ^ be conveyed by tl 

cific and variable f {"^g’by the accoucheur, ai 
Burse or attendant as after patient uni 

thus may likewise poison P either disco 

they also, as well as the themselves to the me 
tinue their labors i Ag cleanliness and sanita 

rigid discipline of absolute obtains, th 

environment “ ggQ^ug^cease to be nmong t 

will partunal blood ^ they will find the 

selves that the more carefully 


fro^-h fruits, pure nuiiv, ana aibuut^u 

P) \ proper amount of exercise, b} walking or light 

InCor oi ^oot and maintaining the correct erect pos¬ 
ture W hoiuncr iiifirmili forbids such e^ercme, ^^e- 
Lmr«e Bhould bo liiul to mnssago, and 

i;ri:ea ,n the open ;"i":t 

piMurfa^ fatiguing 

heeled shoes and hot water enemas 

the proper use of laxat ’ to our lot to 

U hnuevor, not aLen whobe- 

luw e plncctl under our care exposed to 

i™’CS!T„C:fratmnofprop.^ 

mandouraBsislance noto ) 

also, ns pbdmithropistB enable us to 

piges which the many y way, save when 

gife tbis class much benefit 1 .^remediable 

mental anguish depressing influeuces 

factors, in be product resources at 

which bar the benHb^J repeated e^^mina- 

our command u i noting the temperature, it su 
tions of the urine and temperature so is, 

fices to say that as isth treatment prior to 

very largely, the Pf 

;Sur.t.?n. , Sc oravertmg the cu.m.; 
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whenever parturial sepsis was found to be due to the 
retention of infected decomposing portions of the 
secundiues While, if the patient under like condi¬ 
tion belonged to the more rare class of anemic cases, 
I should hope to happily correct the disorder by 
chloroformation, hot water, the hypodermatic use of 
morphin and atropin, veratrum viride, etc 
Under the fourth head of the subdivision of this 
subject, it may be remarked that pelvimetry is an 
equally essential requisite with urinalysis and ther¬ 
mometry Deviations from the normal symmetrical 
peh 18 , the diameters of the pelvic straits and the in¬ 
clination of the bony excavation, exercise marked 
influences in proportion to the degree that they exist 
In an abnormally broad capacious pelvis, with ob¬ 
liquity lessened and supports relaxed, we find that 
in the earlier period of gestation the tendency is to 
misplacement of the gravid uterus, either forward or 
backward and downward, from gravitation in conse¬ 
quence of increased weight These abnormal uterine 
positions are usually manifested early by bladder or 
rectal difficulties with bearing down or pressure in 
the pelvis, and a dragging sensation from the lumbo¬ 
sacral region, etc The functions of the intra-pelvic 
nerves, blood vessels and lymphatics being inter¬ 
fered with, we find in a proportionate degree that 
there is produced a stasis in the venous, vaginal 
^®°tal plexuses, and consequent dilation 
of both these vessels and the lymphatics Thus we 
have produced a hyperemic state of the entire pelvic 
circulation resulting m edema primarily, followed bv 
ecchymosa of the pen-vascular, pen-lymphatic, and 
other cellular tissues, to be succeeded later by varix 
of the vulval, vaginal, uterine and hemorrhoidal 

\enu 6 plexuses, and consequent trophic nerve changes 

S?pendSari?betin^'VeTat 

whereby the pelvis is swung unon thp f ^^^rs, 
from an oblique to a more^ 1 pc= it ^ 
loti, while tbe superincumbent ie ght of V' 

inal and thoracic Viscera meioo/' ^ l abdom- 
forward, by tbe normally 
spine and supported unon tht® ^«mbo-Bacral 
t^on of the abdomioM mncctef lower por- 
withm the basin of the pelvis pv 7 ”" directly 
effects upon the contend theleor^TL^^® injQtious 
of tliese conditions being thus pIo i ® causes 
treatment becomes very^Xle 

first reestablishing and main^mn,. '^^'^^sts m 

posture, thereby securing the n ^ erect 

tbe peh,s bvadvancmglhe 

Its normal axis nf u'i! ^'^“bo sacral snine m 


effectual ly 
The oxlei 


ds nomal axis oF ^bo sacral spin^ m 

^'eightof the abdominal and ^^ipenncombent 

directed to uorn “ Uy then 

and lover border of the abdominnl P’^bes 

the same time there is affordt^ir^ rnuscles, and at 


secured and maintained the more 
virtue of proper externnl support jim exit 
support which fulfills this purpose the better is 
fully detailed by the writer in a paper rend be 
the International Congress of Gjnecology and 
stetricB, at Brussels, Belgium, September, H 
The normal equipoise of the superior trunk u 
thelumbo-sncral spinal axis hai mg been thusresto 
whereby the cmI influences from the weight nbo\i 
a prime causative factor m intra-pehic disturbar 
are happily overcome, there remains but ntteni 
to be given to the insignificant weight of the r 
placed pregPant womb itself This is usunlly eai 
corrected, when free from adhesions, bj proper j 
tunng, and afterward maintained bj proper inter 
support with some pessary suitabl} fitted to the ci 
When, on the other hand, the peh is .s abnornu 
distorted or contracted, the question of how best 
conduct the gruMditj has been e\en a more unend 
source of discussion than the preceding conditi 
Here pehimetry furnishes us the chief guidar 
But before we progress further, let us first bn 
loose from the traditional shackles of our predec 
sors and their authority, which ha\e too long 
tarded freedom of thought to such a degree that 
who dared to doubt met but derision I refer chie 
to the murderous practice of inducing premature , 
livery and embryulcia in this condition In I 
Ecience these procedures ha\e 

fetus ’Vbp connection with a vial 

fetus Theysmiply deser\e to be mentioned tl 
they may be the more effectuallj relegated to t 
past This leaves ns to choose principally betwc 
but two procedures wbeneier we find the^nelMs 
<bat It precludes all probab 

termination of gestation loolfiA t. 

ultimately saving the We of 

by resorting to oL of chi 

.B to be remVmbe“d '’^T'T 

every intelligent obstetrician ’to^hl.^ 
familianzed with fha become thorough 

mqne of both these “ tbe tec 

to be hgbiij nBderta&? by“;.“«“" “b " 

SThVotSZ^^s^^^’ “a 

operations^ I can° do n? bSterThan f 

aclno;td“g?dtSty ’t 

m his addrpce TT- obstetric adv 



the Mcdicot 

18 obvious therefore tb?tSS!“’ 
ferred to Casarean ’section^^?/®®°^°“y be 
-TthatitislessdauSus tJ ground a 

study of theresultsof A ca: 

can section will show thnTtlfp i Ca 

least, twice as dangeTons to the 

The mortality of the infants 
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_'^acjtoma or granular lids 


1 nialtor whni fhc 
!U Ih’ nml llip 


' '51/f^ iuid 8haj)oof UiepolviccnDnl 



, unconiplicnted recover- 

- fr,,,,, •.unplu.TOlnnn.l fool dioposed (o regard 
operUion vilh mnio fn\oi than version aiufex 
rnc ion m a inarkedly conf ractod pelvis '1 he on 
'‘‘'ile eiioi of opening (ho Ryniph}^is vhen (hepel- 
1. 8 too Hual 1(0 permit of delivery hy (his means 
more diniciiK (o escape I( vdl only occur in a 
'el\i-vM(h n conpigateof sixly-smon millimeters, 
'r uiul.'r n dou'ree of (ontrnction not often seen 
inumg w^, and could we always ho suie of the accu- 
■ucN o) our ]^ehic measurements, (ho mistake would 
ire(t\ sureh he luoidcd J can imagine no more 
mlrirraseitig jirodicamonl in ohstclrics than a failure 
(<' < \trac( the head after opening liio symphysis I 
-hoiild feel reluctant to ojiorato again at the lowest 
limit for mplu^-eotonn unless J had the opportu- 
int\ tir^t to induti' labor and artificially dilate the 
I or\ i\ ‘•ome (wo or three weeks before term In this 
< i^e I should not hesitate to operate w ith a conjugate 
a- h<w a-- 8i\t\ -fne millimeters, and I believe delivery 
mmht be possible with a conjugate of only sixty 
inilliinotor^ \\cma\ therefore lie guided by the rule 
that at term, sj mplij ^eotonn is available only in 
cii'^cs wlioro the conjugnlo measures over si vtj'-seveu 
inillimetor® while if ilio conjugate is found to be 
«i\tN-8e\on millimeters or under, the only recourse 
to lie had IS Ca'saronn section 
The destruction of the omliryo is, however, not 
onh warranted, hut boconiGS a requisite under certain 
oircninetnncos or conditions, such ns the presence 
of larat' fibroids in the liody of the uterus, or large 
tumors iinohnig both the ovary and uterus, also 
•ancerc of the uterus, and in certain cases, of pla- 
enta jiroMii Plncentn previa is aiiotlier abnormal 
condition descr\ing attention It properly belongs 
to that class of appalling accidente in the lying-in 
room, ns eclampsia, post-partum hemorrhage, rup¬ 
ture of tlio womb in uterine pregnancy or of the cyst 
m tubal pregnancy, etc, which allow but time for 
action Experience tenches that the proper use of 
forceps in these cases is to be preferred to the hand 
Tlic chief reason being that a narrow'-bladed forceps 
can be introduced much earlier than the hand re- 
(luiring a dilation of only about one inch as com¬ 
pared with two and three-quarter inches for the 
—find, by grasping the head and bringing it 
down, tampon the placenta at once, wdience time 
nin\ be given suflicient to obtain full dilation and 
delivery with greatest possible safety to both mother 
and child In these cases we may very propeily roi- 
low the one line of action As soon as the diagnosis 
of placenta previa is established our action must be 
prompt in e^cuating the uterine contents Hemor- 

X 3 w "hT^o^Kndtvor IZlfZ 

fXof bXXthJV<^ olnld Whenever hemor- 
mgf Jkes pTace m tlese case, .t - Nature’s mgoa, 

to u% that there « tike "he 

f.fe“V the° ZotZ lt aoy mom^rt We can not 
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lirvima 

;;e.ng placed under anSMtintootcmg'fikft 

ndex finger into the cervix, dilating gradually Ltil 
two fingers are successfully introduced, aud^when 
sufficiently dilated to admit of the forceps, pass the 

he membranes and place the forceps on the head 

Wh’pf ^he placenta at once’ 

\ hen as sometimes happens, the dilation is greater 
and the presentation abnormal or less favorable the 
accouclier had better resort to the passing of bis 
hand and turning by Braxton-Hicks method and 
drnw’ing the child into the cervix, and thus arresting 
tlie hemorrhage The hemorrhage once checked, the 
subsequent delivery will be fully under control 
I have in this paper but sketched some of the sali¬ 
ent and mooted points of the prophylaxis of the 
complications and needless sufferings of pregnancy, 
with no attempt at thoroughly elucidating or elabo¬ 
rating any one of them Having no pet theory to 
promulgate and sustain at all hazards, no long list 
of cases and statistics with quotation and abstract 
from an exhaustive roll of writers has been made out 
And, while universal conviction may not be with me 
on premises somewhat narrowly drawn, still I hope the 
attention of the Association may be drawn to their 
thorough consideration, that free discussion may 
evolve all the facts of this interesting subject and, 
finally,to find with many of you these facts received 
with favor and not only to maintain an excellent 
reputation, but also to increase in favor on closer 
acquaintance 


TRACHOMA OR GRANULAR LIDS 

BY JAMES A LYDSTON, M D , Pb G 
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Trachoma or granular lids (not granulated lids), 
ophthalmia militaris, ophthalmia Egyptiaca, trach¬ 
oma verum, trachoma Arlti (Arlt), trachoma follic- 
ulare (Horner), trachoma mixtum (StelJwag), ns it 
IS variously styled has received much attention at 
the hands of ophthalmologists, and the literature 
upon the subject is so copious that it is almost an 
act of supererogation to attempt to present anything 
new and interesting upon the topic, but the dread¬ 
ful ravages of the affection, and the fact that we are 
still far from a unity of views in regard to the dis¬ 
ease, renders an attempt m this direction at least ex- 
cusable Not long since an article appeared in the 
Journal of the American Medical Association 
from the pen of an eminent professor of ophthalmol¬ 
ogy in which the expression “granulated lids was 
used, and while appreciating that by reason of the 
neculiar anatomic arrangement of the lids, granular 
and hypertrophic masses are distributed over the con¬ 
junctiva tarsi and transitional folds, 

Bist that such a term should be reserved for the la j 

as we are not familiar with anything like 

hds, although such a term can be rightfully appb 

^‘'Sre discussing the various forms of trachoma 
. nillar lids we will note a few historical data 
wath respect to this affection Relatively 

n.ara«irUhat R has o.Iy been the last 





century that trachoma bas demanded much consiaerj 

atjon at the hands of speciahsts, as it iras only at 
the beginning of this century that the disease as 
serted itself as an epidemic among the European 
isoldiers, hence the term ophthalmia miUtaris Many 
concluded, by reason of its first 
the soldiery that it uras a product of importation 


return from JKgypt to Europe, n, uoiug 
that the disease vras formerly confined to "CTpt 
But it subseqnently transpired that it had been 
known m Europe since antiquity, and even toCelsns 
■j8 accorded the honor of having described the condi¬ 
tion, mentiomng the characteristic roughness of the 
lids and the accompanying purulent discharge, and 
we find to-dav a tendency to revert to the old-time 
methods of treatment by inducing a certain amount 
of inflammatory reaction v> hvch the ancients accom¬ 
plished by means of friction with fig leaves and by 
specially devised instruments So we must conclude 
from the foregoing that trachoma has existed from 


exist in me cunjui/fw*** i —v 

nent and loss clearly defined, owing to 

hereoceof the conjunctiva to the tarsus in this 
situation, coDsequBiitly we discern them, when the 
among 1 hypertrcmhic papillffi do not obscure them, as minute 
^ bright yeSlowisb points, embedded deep down ih 
deeper structures The microsimpe revoalB t^hat 
other parts of the conjunctiva of thoeyehaui such as 
the semilunar fold, conjunctiva bnlbi, etc , 
wholly exempt from the trachoma granules ihis 
constitutes the so-called granular type of trachoma, 
80 that we may justly classify trachoma into two 
classes 1 , papillary trachoma, and 2, granular tra¬ 
choma , but the distinction can not be so clearly and 
emphaticfilly made as to enable us to say that this 
- a case of panillary trachoma, that a case of granu- 
r trachoma, inasmuch as frequently m the eamt 


IB , 

lar 
case we 


aOmUf luujswuvu 

find the two processes associated, and while 
such a classification would be quite scientific, yet 
such jB not from a clinical standpoint of any partic¬ 
ular importance as the treatment is essentially the 

- -_... __ 


iroui XDB iOregUlIJ^ mai - * 

Khe most remote periods, and that the trachoma of same in either case 

■to-daT IS DotbiDH more nor Itss than modified acute Anaoug the results of tracnonjaurepunnus, iJudifi 

r%T\ 4 ^ Vv\ 


ro-day is nothing more nor less than ux*^wiuv>vk (^uvi.v'w 
trachoma of olden days, which was characterized by 
profuse purulency, and that the specific virus upon 
which its ultimate origin depends has become modi¬ 
fied so that it 18 to day less virnlent in its effects 
when transferred from one eye to another 
Character —^Trachoma is a chronic, specific, infec- 
tioQS infiammatory affection of the conjunctiva 
accompanied by distinct purulency, and the name 
trachoma is derived from the Greek, signifying 
rough 

Symptoms —Individuals suffering with trachoma 
complain of watenng of the eyes, agglutination of 
the lids, sensitivenese to light, pain and disturbance 
of eight, which are sometimes tbongh not constant 
sources oE annoyance The eyes are less widely 
opened as a result of swelling and sensitiveness to 
light, and upon eversion of the lids we notice that 
the tarsal conjunctiva as well as that of the traosi- 
tional fold is reddened and swollen, while at the 
same time there is a variable degree of roughness 
caused bj hyper*ropby which is of two characters m 
accordance with the different anatounc characters of 
the affected conjunctiva The first form of hyper¬ 
trophy 18 the appearance of the papdlse so s^led 
which are elevated patches here and there, newly 
formed over the conjunctival surface, which accord¬ 
ingly looks velvety, or the papill® may become so 
large as to impart a coarse granular, nodular or 
even a raspberry like aspect to the conjunctWs 
Thickening of the conjunctiva is absent at this period 
consequently the underlying tneibomian glands alis^ 
ten through the conjunctiva This form of hyper- 
limited to the conjunctiva tarsi and is 
3tyi^ papillary hypertrophy This form of hyner- 
twpby 18 peculiarly prone to attack the upper lids 
Trachoma graualea are characteristic of the second 
hypertrophy They are seen as 
wayish or yellowish-gray, roundish translucent eel- 
itimfunn bodies, and have been styled from their 
ippearance the eago or frog-spawn excrsBcences 
round chiefly m the transitional folds in mah great 
ibundance that when the lower hd is exposS ?o 

niTnifd fold projects as a Sickened 

«id rigid prominence The trachomatous granoS 


tortion asserting itself under the form of entropion 
(the turning of the lid inward toward tha eyeball), 
and ectropioa the turning outward of the hd irom 
the eyeball), symblepharon posterius and antenus, 
xerosis eonjunctivse, in which we have dry degener¬ 
ated patchee devoid of secretion here and there, and 
corneal opacities caused by ^cicatricial deposit fol¬ 
lowing ulceration, trichiasis '(abnormal disposition 
of the eyelashes) Madarosis and tylosis, baldnees 
and thickening of the lid borders respectively are 
all disagreeable sequel® of neglected and maltreated 
trachoma, and will receive mention under their 
proper heading during the discussion of the treat* 
ment 

Cattzatiofl —We are, in the light of modern views 
relative to trachoma, able to say that the primal 
origin of the disease is discharge from a chrome 
blennorrhea, which being transferred through the 
mednun of the fingers, soiled linen, contaminated 
wash basins, etc to the healthy conjunctival sac finds 
favorable soil for its development, after a variable 
incubative period a form of granular conjunctivitis 
or trachoma shows itself which depends for its sever¬ 
ity, so far 88 its inflammatory tendencies are con¬ 
cerned, upon the character of the case from which it 
took its departure, as well as upon the character of 
the soil upon which it thus propagates It is to 
inager that the credit is due of thus irrefutably 
ongin as well as the subsequent features 
of the disease He was able by inocolabog eyes al¬ 
ready blind, to determine that the disease is essen¬ 
tially dependent, notwithstanding all its variable 
cbaractensticB, upon one mfectious element, which 
different anatomic conditions of the 
dewloping soil will assert itself sometimes m one 
form, sometimes under another, so that it leads ns 
to conclude that possibly we ehall finally view the 

Is weB wStK wnjunctmtiB oltrachoma, 

maTfJi « types of conjunctival inflam¬ 

mation, as peculiar forms of inflammation or irnta- 
tion consequent upon the special type of irritant ” 
With respect to the career of the affectiol ibl bv 

^rtrophic elements and the associated dificharite m' 
crease to a vanabte _ 


Tbe trachomatous granules crerR^tr. I associated discharge in 

™ a.apo.ed „„ hke a 



606 


MODERN PROJECTILES IN WARFARE 


[September 29, 


PROFESSOR KOCHER ON MODERN PROJEC 
TILES IN WARFARE 


BY CHARLES G CANNADAY 

boanoke, ta 

V 

“In the time of peace,” it has been said, “prepare 
tor war ” This necessary evil must sooner or later 
come to all countries, judging from the past, its 
evil consequences are sufficient when happy homes 
are robbed of fathers, husbands and sons, but nhen 
the projectiles are of such a nature as to nrodiice 


the hyporlrophied areas, and consequently the 
jnnctival dostruction and subsequent cicatricial con 
traction are directly dependent upon the number and 
S17U of the hypertrophic elements and the abundant 
secretion So (hat with respect to the question of 
ireutmont two primal nidicationsconfrontus, namely, 
reduce (ho si?e ami number of the hypertrophic 
pajullic and check the secretion And fortunately, 
uhilc MO are confronting one indication i\o are com¬ 
bating the other Jleroloforo silver nitrate and cop- --- 

nor‘^ulphalo lia\o been largely utihred, both to re- the projectiles are of such a nature as to produce 
duct' the enlarged papillro and to diminish the dis- great destruction of tissue, owing to shape and veio^ 
ciinrge and fnior liio disappcnrnncQ oi the granula- itjq it becomes all true philanthropists to assist the 
tions, and those remedies are still employed and are Red Cross, which will figure so conspicuously m fu- 
rpu'irdod In mniiy hb nil Biiinciont Tbo rule gov- tare Itnlian wms, to btmg nbout buoIi » ohingo 
erning (ho use of sihcr nitrate and copper sulphate in projectiles as will cause the least destruction of 
r.n,"?u'vir .B lo nvply eompatible with “d.s«W>«g ‘tf “ 

verrcl.oi. in profuBO niid irrllnlivo nmuitestntions cauMug biro to retire from the 

iiiurked, vlnlo com>er Bulphalo filidB »PP'>; ™ amS of muUat.oTand ser'iou. 

cation menses of diminished secretion, and little or f firearms in the 

1,0 .rnlat.ou _ Mercury I,,cl,lend in couceutra ed .P/„f JJeXryTho^ , 

holutuni, 1 to 600, was first applied after the so c 1 , ^ mutilated by large projectiles that per- " 

grattage 111 (ho clinic of Abadie, and by many is 

highly c^tecniod in the mnnngo/nont of obstmai fhe, mnnees for infection from the wounds are 

cSe-^ of trachoma Wo must conclude, all civih.ed na- 

that 'ill treatment should he directed towards y humamtarian point of view, to repud 1 - 

nm nlijcct cloivnhnoes, whether this bo accomplished ti , expressed by Shakespeare in “Henry 

In snnpie ulilution, or by means of antiseptic p^- ate t ^^^^dp^^^ are fair when the intent for 
11 Uiifx Hill nietliod of exciting an iiiflam 1 . __ p og>r>nnfitructall nroiectiles 


In simp e uniuuon, or uy ^ 

cmlUmiB M h.lo Ihc .»otl,od of exetrug nn .nflam- W Ihat^ U,e » j ao construct all projsc ,les 

nwton reaction, either by means of medicament , flisable with a minimum amount of imitik- 

" " ,nmMbnd of icouinti infusion, as as to diBable wim a m 


uvvton reaction, eiuior ov -, 

In (lie more at til0 method of jcquint) infusion, 
mhocatetUn Do Wockor (justh superseding the old- 
fnne method of inoculation with blennorrhenl pus) 

(ho methods of peritomy or syiulectomy, or 

of trachoma or . gjjQuld be subjected 

(o a period of its object Tom 

encompiiBS this end ^ time to meet 

Btitute this purpose, and ^ the hyper 

the other indications ® , ^gg^g combined with 

trophic papill® ' s q was induced to applj 

a proper degree papaya), the new di- 

insunialions of p 1 i th bone acid, and found 

frat;,:?™TwTi”:ffio.e„tlyuponth^ 

a B ^,»t'cvcu •" tr^aToroa ous pan'- P>“® “ natons bccoroe arb.ter, of Ih. 

,t„ges if pSuarvasappreroab^ 

supervened, I fom d that diminished 

thinned, and the first instituted this 

Ibeheve the and certainly it has 

type of treatment belong to method I 

proved in my elusions, after trying all 

acree with Fuchs in his co conservative in 

of the methods, both irri surgical methods 

■ eS&effi 

Corneal ’ fh’tmeal ..ego <•! trachoma or 

noted as tesulta of the lyp 

®“mteSb Obamplain BmWroS, Oluoago. 


bearing them is jusc,- imu 

ns to disable with a minimum amount of imitila- 
tion—rendering survivors more useful and 
ui W\(h (bis end in view I have submitted nn 

ssfSKSHB-Fs 

?1Sx“£.i£sr;s:s 

JbTict may embraos^all^of -p ^ ' 

and the military an ® , lecture on the subject 

should seriously ruoiectiles from a humanitn- 

of “the improvement of 

nan point of view ” ^hose hospitality 

The reasou why ancient R^ immortal glory 

we are now the classic ages till our 

which It 1^ the warlike character of 

own times, is t® b® Civis Romani 

its first inhabitants, which has taken 

NotvithBtoDaiog thB gr“ „„„v,ty, It 

nlace in the field ot hpcome arbiters of the 

the case that °atU) 

lAorld who are alwai s ^iiBhce 

all they possess for hb ty^^ extends to nil 

“Military serv ce is J interest m Ibe 

the, c,t,BBns aod «'®«S‘\“'Leque.>ceB ot var„ 
BBceBBary “oTrraB^iationfl v,e rviH, c“cli other o, 
men and sanitary [u. victims, as also the 

Smsh the °Lfves Bhoered OB Ivo yeBre J 

Bed Cross, whosetetroese t t^^^^ obtauiee f 

ago in this same city tne sp 

by them . ge (I speak simply 

‘‘But all this is of no use t firearms bring 

giiSfSSS 
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not passed since it vras universally 
perfected firearms cause enormous damage i” ^ 
Lman body This general opinion f f 

the recent communications of D^mosthfene, 

Nimier, Bogdanik, Sklissovrsky, Morosovr 'ind Tran- 
her, by the obsenation of Kabars and finally by the I In 
interesting experiments executed by order of the 
Prussian Minister of M^ar. by Dr Schjeming all of 
which show the terrible effects of modern buuets 
After this must vre await further improvements or 
must we resignedly accept the conclusions of bur 
seon-General Dr Von Colet and of Dr Scbjerming, 
namely, that with the new rifle life must absolutely 

be lost? , - I 

“ The object of war between civilized nations is not, 
as among savage people to kill the greatest number 
of v^ombatants, but to disable the enemy and to oblige 
him to abandon the field Nevertheless there are 
many unexpected deaths caused by injuries to vital 
organs But the modern guns surpass greatly this 
scope, because they tear or destroy the tissues of the 
(j body, exposing the victim to the risk of losing his 
-rlife even through non-vital injuries, and either op¬ 
pose or prevent entirely the reestablishment of the 
normal functions Gruns have become real explodent 
firearms, which are prohibited by international 
agreement 

Tu order to eliminate the damages produced by 
these arms it is necessary to know the effect of the 
explosive projectiles, but unfortunately on this mat¬ 
ter the opinions of the many authors are too different 
“I will demonstrate, considered by twenty five years 
of experience, m what really consists the explosion 
aud by what it is caused, this will be the subject of 
my lecture The action of the bullet is different as 
the object which it strikes varies We shall there¬ 
fore distinguish three separate categories in the 
human body Elastic tissues, tissues rich m liquid 
substances, and rigid tissues 
' In elastic tissues the ballet does not explode, at 
fijeast not immediately, even if fired out of the most 
modern rifle Large lacerations of the skin are due 
to deeper explosions, such as those which take place 
in the vicinity of the bone, and without these exter¬ 
nal lacerations are not to be found In some elastic 
tissues we can only observe the point of entrance 
aud^exit of a bullet whose initial leloeity is of 600 
to 750 meters, ue can not trace any hole at ali as the 
tissues after having been forced aside, resume their 
former position 

“ The effect of an explosion may be observed with 
far greater facility in tissues which contain an 
abundance of liquid substances, and is naturally 
more terrible in those tissues which more abound in 
them Bnsch was the first who had recourse to 
Indroatatic pressure in order to demonstrate the 
■eflect of an explosion m the cranium, Garfeuil 
Heppner and Kuster applied the same principle to 
>epilepsj, and I have been able to show by means of 
Numerous experiments the general importance of 
^'liquids in the tissues The action of hydrostatic 
pr.‘iSUTe may be demonstrated on tin boxes contain¬ 
ing substances more or less rich in water The effpci 
-of the explosion differs greatly if the box contains 

O'- 

■ Here are some elastic lamina that present a verv 
small hole when the xelocity of the bullet is smalf 
xihile enormous rents are made Uv it when the 


, lolent effects are 


velocilv mat Its maximum These m 
caused both by leaden and bv steel bullets, it is 
therefore impossible that thej should be produced 
by the defornint.on of the bullet, as it is proied 
that steel does not undergo any niterntiOD of shape 
any case it is important to obsene lion the 
explosion is influenced by the different degrees of 
deformation if the area which is struck becomes 

^'^^^Demonstratiou of the effects o! exploding bullets 
on recent epiphyses, on the glandular and xisceral 
organs and on the muscles Tlie degree of intensitj of 
the explosion gradually augments njth the increase of 
velocitj, while we can onlj talk of hydraulic pressure 
in the case of maximum xelocity and on parts like 
the cranium 

“The effect la seen in its full intensity only if the 
distance is great enough, but also in open tin boxes, 
where the water is not hermetically closed as in a 
hydraulic pump a laceration takes place It is there¬ 
fore better to abandon the name of hxdraulic or 
hydrostatic pressure and to use that of hydrodj natnic 
laceration 

“The speaker afterwards shows the effect of ex¬ 
plosions on flexible substances, such as soap or glass, 
in which we may with certamtj establish, b> means 
of comparative measures of weight and xolurae, 
whether we have to deal with a simple shock or with 
a missile that produces at its maximum velocity the 
maximum degree of dilatation 
“Also here we find an augmentation id the explosive 
effect even though there be no rotation or deforma¬ 
tion and we must recognize that the mtensitj of the 
explosion does not depend from these factors 
“ The real nature of an explosion can only be under- 
stood if its effects are studied on a solid body To this 
end we can fire a bullet at- a slab of stone, and we will 
ascertain that the shock transmits itself with great 
violence a great distance The difference between a 
simple crack and a real laceration may very well be 
distinguished m a glass slab if the velocitj of the 
missile IS not at its maximum, in which case a num- 
ber of cracks are produced instead of a neat small 
hole The best manner of observing the perfect 
analog of the effect of the dry explosion with those 
of hydrodynamic pressure on a tm box is to fill this 
box with small shot or pieces of stone 
‘ Numerous illustrations demonstrate the analouv 
of explosion in dry and fresh bones, which is then 
the essence of the explosion? Kocher has been able 

A velocity of the 

bullet directed to different objects and also^ on the 

human body, that for maximum velocities a greater 
amount of active energy IS lost than for tbe^small 
ones This augmentation in the loS of active 
energy ,8 caused by the velocity being too grS to 

in It produces an unequal shock By means of 
meaeaKs it la possible to ascertain that the loss of 
.nd .chve energy re greater .ntauWs 

TZeT thelacerat,one\v,n 


be greater 

beeaU'‘TTpeL'.‘''fr“m “T 

velocity ^ augmentation of 
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3 ID' (limuiislinig (ho area BtrUck 

‘ rodnoing tho culibor of the projectile to five to 
t-ix ('ontimetois, u i,vo tu 

‘ h, pnnoMting (ho deformation by giving it more 
compaolnosR oBpociall} in the point, 

“ In making I ho milcrior extremity sharper eo as 
to increase its strength of penetration, 

“(/Jn augmoiiting (ho rotation so as to prevent 
the oIdKpto penetration 

“ bltenoi oxpononcos ^\llI demouBtrafo if to solve 
the pioldom from an humanitarian point of view it 
w ill tie uoco^sar\ to use again very email copper pro- 
pa tuos or projectiles with bIocI coating and point 
Y/h 1 . sidf'- ahuuli! ohfdnnd lij tlio introclnction of the 
stool coating ud\i?o us (o follow on the same track 
1. oMUi after the worse results there are no more 
mnscleand lung lacerations, 2, (lie fracture of bones 
!“• totally hunted lu extension and intensity, so short 
the liolo of exit is, according to the experience of 
Coller and Schjornnng, reduced for 200 meters die- 
taiue fiom 2 to I! centimeters while before it varied 
from 7 to 10 One of the greatest improvements 
from a medical jioint of mow is the reduction of the 
hole, ns the lieahng of the wound is then materially 
facilitated and dangerous complications are rendered 
lo-s frequent But the extraction of large fragments 
of bone, and injuries to\itul organs such ns the heart, 
the lirain and tiio lungs will always make numerous 
\n tims, and also in the next war hundredsof soldieis 
will emi llieir life on the held ot battle 

“But (hegreat mass of ouryouGi w ho courageously 
marcli into lliogrim jaws of war will be protected by 
a new Pallas, armed with the shield on which shmes 
the Red Cross " 


SOCIETY PROCEEDINGS 

'Jlie Canndhin Mcdkal Associntlou 
riic annual meeting of tlie Dominion Medical Association 
IS com ened in St John, N B , August 22 and 23,1894 The 
?oting was well attended by medical men from nearly 
ery pro\ince, the larger number coming from the Mari¬ 
ne TroNinces The Association had not met in St John 
fore for twenty years Fraternal delegates were intro- 
ced Dr T M Jonah,of the Maine Medical Association, 
■ BuJkley, of the Amfbican SIedicac Association 
rhe chair was occupied in an able manner by Dk i b 
uiiiisoN, of Selkirk 

The subject of 

tiif tkcathent of efilkpsa 

f ,.,rence ot.ome irr.tantaot.ng upon the eerebral 

''■’°Tur:nrererb^n::nrn; 7 S^ 

„rooi::rLcto“':r" - 

nvuisions the nerve inters, the location deter- 

lls in some part of the n 

miiig the ° jf „.8re the case, the rational 

nerated in thesy j ^ive and antiseptic one This 

3 atment would be bromid of potas- 

had tried, J" ^,ere very gratifying, the 

b.v,ng bean »a.eo,en, eedueed 

Dk Muib then gave the history o 


[September 29, 

A CASE or TUBERCULOSIS OF THE ARM, 

ANB the WRIST, 

Which had been in existence for some fourteen years, with 
all the typical symptoms (the tubercle bacillus being pre^ 

ent), which, after being scraped, was infected with frjsip- 
elas Subsequently complete cure took place 
Dr SiiEniERU reported a case of cancer cured in this way 
Da Cameron said he had tried to inoculate some cases of 
malignant growths with the germ of erysipelas, but had 
ailed to get it to work, probably because the sarcomatous 
and carcinomatous germs overcame the invaders 
Sir James Grant said that he had seen whooping cough 
very materially relieved in children who had been vacci¬ 
nated He bad tried vaccination in certain cases of psori¬ 
asis he had had, with extremely gratifying results He be- 
lie\ed there was much room for study along this line 
The President of the Association, Dk Hakrisov, took as 
the subject of his address his experience in medical matters 
during the last half-century That long ago he settled in 
the early wilds of Ontario, near Lake Erie Those were the 
days of ague, bilious remittent fever, murrain in-cattle, and 
other diseases which now, since the country is cleared up ' 
have become almost extinct He gave a graphic clinical 
history of these various diseases and the different forms of 
treatment employed, both before the doctor arrived in the 
settlement and after, by those who sought to charm the dis¬ 
ease away and those who sought to treat it according to the 
tenets of Thompson Whisky, in those days, was considered 
by the people to be the sovereign remedy Some doctors 
bled, blistered and salivated The President told of difli- 
cult experiences he had had alone far removed from medi¬ 
cal help in various kinds of operations, major and minor 
The latter part of the paper was an advocacy ot the estab 
hshment ot uniform examinations for all who wished to 
practice in the Dominion, and that the standard should be 
that of the highest provincial standard The President was 
accorded a hearty vote of thanks for bis address, and a com¬ 
mittee was appointed to consider the matter of reciprocity 
discussed in his address ! 

The subject of > ’ 

'iPPENDICITIS 

was discussed by Dk Bell, of Montreal He reported forty- 
eight cases, forty of them operated on with recovery, fl\o 
not operated on, and only three deaths altogether He 
classified bis cases into the gangrenous, the perforative, and 
those bound in wutb adhesions These cases should be 
watched, he maintained, by a surgeon from the first, as lit¬ 
tle could be done for its relief medicinally He advocated 
surgical interference in nearly all cases 
Dr Kingston thought the operation was performed un¬ 
necessarily No young man should attempt to enter the 
abdominal cavity without first consulting one or two others 
He had prevented the operation twenty-five or thirty times, 
and only regretted this step in one case He was strongly in 

favor of conservatism . , j 

Dk Grant, Ottawa, spoke of two cases he had had which 
nueared to be fit ones for operation, but one was in a gouty 
stbiect the other in a rheumatic He did not operate and 
they recovered It was very difficult to know what to do 4 ^ 
these cases He did not believe appendicitis was due to thp 

cases was which ™ His idea was to ope- 

that were wholly the interval He 

rate after the acute „ct to the appen 
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for the appendix might be found on the right side m 
pelviSt or up under tbe liver 

^ Dr Strsnge was in favor of non interference until there 
the presence of a tumor and pus He had refraine 
n operating during the acute stage and bad not re 


the I too harsh treatment Caustics were used, perhaps, more m 
hypertrophic rhinitis than for anything else, and often too 
_fl»ft tie used chromic acid, tnclilor- 


was --He had 

from 

^^Mr Cameron, of Toronto said he followed Mr Treves in 
this matter, to wait until the pus formed, open and dram 

He considered It unfortunate that the experience of a hos 

pital surgeon of skiU, snould determine the matter one way 
or the other In a possible forty eight cases he had had in 
which he had followed out the above treatment he had had 
probably, Dr Bell’s figures reversed The interval he be 

lieved to be the time to operate 
In replying to the discussion on his paper, Pr Bell made 
a strong plea in favor of his statement, “ one should always 
operate ” It was generally agreed that no one knows when 
to operate If the patient were ’eft at any moment, per¬ 
foration might take place However, in the forty cases he 
had operated on, thirty were perforated and abscess was 
present at the time of operation In three the appendix 
was wholly gangrenous And In such, he said, one could 
not wait for the tumor formation or the abscess, because 
there was none In two the appendix was bound down , in 
three the appendix was not perforated, but gave rise to 
urgent symptoms, yet there was no abscess found He used 
to follow the waiting treatment but found it unsatisfactory 
The mortality was much greater than that of his eleven 
months of the new plan The greatest mortality statistics 
for the operation only amounted to from 2 to 3 per cent 
The operation, as a rule, was not difilcult He considered 
the plan of waiting for pus not the best surgery The very 
mild cases where the symptoms passed off in say twelve 
hours, he would not interfere with They were probably 
only cases of cecitis 

Pb Morrison, of St John, read a paper entitled 

ETE STRAIN HEADACHES 

It had been alleged that 90 per cent of all headaches was 
due to eye strain This he believed to be true JIany of 
such were attributed to other causes, as biliousness ‘ womb 
trouble,” nervousness, masturbation, over work, etc when 
the real cause was overlooked—an over-worked condition of 
the muscle of accommodation—ciliary muscle This con 
dition of the delicate muscle was brought about by attempts 
to correct \ arying degrees of astigmatism Ho corneahardly 
had perfect curvature in every direction , and it was these 
slight degrees of curvature, often overlooked even by the 
specialist that lay back of these headaches The use of 
cylindrical glasses with low dioptric power, always relieved 
the muscle and consequently the headaches Constitutional 
treatment was also advocated, and the avoidance of those 
conditions of life that tended to increase the trouble 
The subject of 

DISEASES OF THE OVABIES AND TUBES 

was by Dr tsuiTR, of Montreal In gonorrheal salpingitis 
the clinical history ot which he went into the only safe 
treatment was extirpation This was also the course to 
pursue in the tubercular form, if the general constitn 
tion were not too much infected with the poison He 
advised medicinal treatment tor the functional disorders of 
tbe appendages The paper was illustrated by a number of 
interesting cases, and the presentation of tubes and ovaries 
that he had removed 

THE USE AND AROSE OF THE VARIOUS CACTERA AGENTS E, THE 
TREATMENT OF NASAL AFFECTIONS 

was treated by Dm E ^ Kirkpatrick, ot Halifax. He re¬ 
ferred first to the delicacy and importance of the nasal muc 
ous membrane, and said that too often it was the subject of 


itics be used chromic 

\ere the principal Tlie 


6e\erely Of the caust 

acetic acid, and the electro cautery v..-, -. 

chromic acid he used in anterior applications, the cautery 
for the posterior applications By the injudicious use o 
caustics he had seen the mucous membrane destroyed And 
,nsome cases he had seen Aery serious secjiieliL follow in 
connection w ith the ear, such as loss of hearing and mastoid 

disease . 

The address in medicine lAas delivered by Dn Baa afi), ot 

St John.N B , subject 

THE INELLENCE OF THE MIND ON THF DOHA 

This was,he claimed, a subject of growing importance in 
this rushing age Most autliorities aa ere agreed that surgery 

and medicine were rapidly adAancing It was also agreed 

that nervous diseases were on the increase, particularly in¬ 
sanity and neurasthenia This Avas largely due to the en¬ 
ergy, competition AAorry,compulsory education, sensational 
novels ncAAspapers, speculation and unrest, which charac¬ 
terized the last part of thia century Another cause w ns the 
migration from the country into the town, AAhere the strife 
for existence ivas greater and sanitary surroundings bad 
Relief from this condition of affairs was largely through tbe 
instrumentality of educational reform and the employment 
of preventive measures generally 
As an outcome of one of the points referred to in the ad¬ 
dress, at the suggestion ot Dr llingston. Dr Bayard moved, 
seconded by Dr Hingston, '* that the system of education 
generally pursued in the Dominion of Canada draivs toe 
largely upon the brain tissue of children and materially in¬ 
jures the mental and bo ily health ” 

Drs Cameron, of Toronto and Powell, of Ottawa thought 
the terms of the resolution a\ ere too sweeping, that there 
was no specific statement as to what department of the 
school system AA as at fault, nor to what portion of the Do¬ 
minion it more especially applied Our young people, Dr 
Cameron thought, were not suffering the older people nei¬ 
ther, from too much education The educational system 
had been the subject of the best thought of our best men 
and he considered the motion too condemnatory A resolu 
tion was then passed that the matter be referred to a com 
mittee, consisting of Dr Powell, Dr Hingston, Dr Grahair 
and Bayard 

DOMINION REGISTRATION 

The committee appointed to report on the President’ 
address, reported on tbe matter of inter provincial registra 
non It was adopted 

Dr Daniel moved, seconded by Dr Powell, “that a com 
mittee be appointed in which each of the Provinces shall b 
represented, to draw up a form of medical act, which, afte 
being adopted by this Association, shall be presented t 
each Provincial Legislature to be by them passed into law 
and that the committee that brought in the report be aske^ 
to name such committee ” 

Dr Boller moved, seconded by Dr Lapthorn Smith, that 
committee be appointed, with power to add to their numbe) 
to consider the best means of obtaining a uniform standar 
ot medical education for the Dominion of Canada, and tha 

Uon~“arrmd"' “meting of the Associs 

1 question was long and an 

j mated, and taken part in by several of the men from tb 
different provinces represented at the Association 
t>R J E Grahaji presented a paper on 
SOME FORMS OF FUNCTION AL DERANGEMENTS OF THE LIVER 
The paper dwelt on the great imnortanoo r 
the integrity of the hepaticoeD It^acted"J l 
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tiu' invasion of certain forms of poisons into the general 
circulation, such ns nrecmc nnci pliosphoroua among the 
niincrnl Kingdom, the poison of docnjing meats and old 
choi’sc, in the organic, absorption of poisons generated in a 
•vlistciulcd stomach , the apccillc toxines of typlioid and such 
ali^easi's, and the alworption of poisons from the intestinal 
^ruct, saj when coii'-lipation was present Those various 
iiioisons tended to hurt the cell,and passing into the general 
virenhUion had their elTect on the nervous and other sys¬ 
tems of the hodj In theordinari cases of bihousiiess the 
symptoms were caused m this way The glucogenic and 
urea producing functions of the liver wore also discussed 
and the results pointed out. of Ihclr aboiance. through ^le 
damage done to the hepatic cell As to treatment,Dr 
" rM am pointed out the absolnte necessity of linding out 
he ex c cause of Uio disturbance before rational treat¬ 
ment i.mid be employed He recommended reslnctioii and 
reoiilation of tbo diet, suitable exercise to assist the circu 
iX i proper an to bathing, drinking of mineral 

..r to asMst metabolism, where the urea was deficient, 

Idlin’ n'lmHlu" rccomtiu'iKlotl for fins condition 
Pi. IlixnsTOx reported 

loi’U i vsrs ot oi'i itvTtoxs ox tiu iiuvix 

results hopiil for incessiuit and 

pm '’Vim ihitto^ trephined and found a hydn- 

coverefornyear nie ^Uiich he removed 

till pressing on the J The next case was that 

The patient Hoctor presented, who had suf- 

of a young man. w oin tin ^ 

fered for , hr^in He was the subject of paralysis 

ihi right side of ^ ‘ and flexed, the fingers 

uf the left arm.'' *1 U.J terminal phalanges and extended 
nlso being flexed in t cir teno n ' „omiilic muscles and 
the first spasmodic and over- 

the other-' on the V.,iitraeted the vision and hearing 
developeilthe 'opJJatin^^ thickened portion 

m that side impaired , ^ ^'. “'Vrrm 

>r bonowns found "”loaR»''R . ,,,mure had thrown about 
b, „ cnrl.laffinoin. m» crial „ icb Tl.e et 

,, lilfrewas no bleeding upon i ^ 

•'Jim of llic'«« “o”,™ 

' amied almost complete in^ J„„^,]a(led the use of a 

nd Improved Hr (i-ametcr.for these operations 

large trephine,two inche» in diame ^ of 

Pit SiiUMUiui, of for a chondrosarcoma 

removal of the entire of the reinoval of a large 

Involving the shoulder joi , ^ operation had not 

l;;,clld?o,n<> of P“' nrsuliat lieci. do"/1'' 

been done often,his ben g Cfpcves discussed the , 

0 " ■•The Pre.ent Statu, of 
Asthenopia ” j; B , read a paper entit e 

thl Vkev EXTIOX OF Rctivity on 

spufa so “ u"cfl uti cot,.u'uP‘>''oJ'“i 

tion thrhouse Even ''^gVlealt with the dith- 

H aro Vas a little danger Ee j.ggistration and 

piials E'CJ" . ^ iioPhcation , ^ even among 

cullies connectea on and fresh air, 

isolation ‘ nts, to secure such among 

his ^’^,,?f5nitply more ddficult , jj,stained, should 

and It hlpecnil sanitaria, l^e mm was 

the poorer cb every instance w _hnuld be sent to 

be provided, and I after at 're are very few asyet, 

not iiroperly „^^^jjgoo]i a preventive measures 

Si’e »"0f„,rthuS‘hf/at LoL .. recommended 

--,1'“paSl^ Pl>S'S" 0l New Torft. gave a paper on 
“^n.. r Donoan BonKPBv.^^ diseases 

d>» „„ Taeurf"-’’ O' “ „S,al prael.t.ouer « 

' More aucce.. would eome to^t^^^ 

the trentment f advised The history of E' 

rnfly.dua'ca system and ha eruptions, 


acne, syphilis well, they would be able to treat the great 
majority of their oases satisfactorily As to eczema, too 
much was often done, it w'as over treated often More and 
more he had grown to know that much depended on consti¬ 
tutional treatment in all these skin affections The correc¬ 
tion of some fault in diet or habit in life was suflicient to 
effect relief The Doctor pointed out some of the principal 
points in the management of acne, syphilis, psoriasis and 
urticaria 

TnuRSDAX Evenieq 

The report of the committee appointed at the last Associ¬ 
ation to consider the matter of the establishment of a pbar- 
macopceia was received and adopted On motion of Dr 
Starr, seconded by Dr Macdonald, it was moved, “That the 
same committee be requested to correspond with the differ¬ 
ent medical and pharmaceutical associations with regard to 
the advisability of publishing a pharmacopceia, taking the 
British Pharmacopceia as a standard ” -Carried 

THE PREVENTION OF CONSUMPTION, 

was the subject of a paper by Dr J F Macponaed,N ova 
Scotia He advocated the bringing the matter of the con¬ 
tagiousness of the disease before the people by means of 
the secular press , by the establishment of philanthropic so- 
Setie6 ?ort& of the matter, and the adoption of 

practical measures for the treatment of the cases He ad- 
Sd the System of registration . a f f the' 

fection, government inspection of ?««« to 

establishment of sanitaria, and the 
prevent the infected from spreading tbe infection 

Dn H D Hamilton read a paper on The Aunesions oi 

ofTt'johSTLat.c read. 

Kingston, Ontario-Dowtnmn Medical Monthly 

NECROLOGY 

Herbert Gou^e M D iZ\pox Cp.Tal 

aassor ot Dr Mar.on at Iho ^ „„„ 

loss IB spoken of with u tpatimony of his predecessor 
[timie the observation year, was enable' 

' there and, as recent y as m May oj^last j 

to write regarding the u contracted variola even in 

that no nurse or f VhfsS exception of a gardener wh 

modtSed form, with the sing p despite the fact ths 

evaded vaccination, . .--dentally inoculatedthemselve 

Sses have actually and accidenm^^ term the cruon 

with variolous matter , unanswerable argumei 

^est of vaccinal protectmn.^nd the 

Svor of tlie operation Dr f^g^datic 

Tull Instory of his hospital, Oross up to the presei 

n lyfe a? Battle Bridge, King s Cross^^^^^ 

England, and a „-„eral years m Stockholm. Sv 

and the pobbe He ib stated 

Smith at whose home the eminent phys’ci 

Henrx Sofeman-Donne . prankfort on the Mi 

humorous writer, ^nd ehief humorous w 

dPDtember 20, aged 83 ^,„u„h 150 editions and 

was ‘ Struvvelpeter,” vv m ^_ Bj. Rush, of Macon C 

1 translated lotomany Walson.M D .Septembe: 

1 Kansas, September 14 
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OK ARTIFICIAL TEETH 
A "writer in Lcs Noveaux Remedies for Sept 8, 1894, 
says that “the teeth of the Americans are "without 
doubt the worst in the world ” “Also,” says this 
most interesting person, “this eminently practical 
people have long smee renounced the employment of 
the inferior products furnished by nature, for their 
substitute, artificial teeth ” The wncer then pro 
duces some statistics to show that some 8,000,000 
false teeth have been sold in the last year He also 
cites the statistics of M Max de Kansouti, "who has 
made a calculation to show the number of pounds of 
gold used in filling teeth in the United States This 
amount, he asserts, is not less than 800 kilograms 
which represents about 2,500,000 francs All this 
precious metal we are told, “is buried with the Yankees 
when thev die,” and on this assertion this Maetixus 
ScRiBLERDS Splutters, “supposing that this continues 
during some hundreds of years, the unpitving stalls 
tician estimates that in three centun’es'the ceme 
tones of the United States will receive a value of 
750,000,000 francs in fine gold, equal to the money 
value of the gold which actually circulates m the coun¬ 
try There is a new California in prospect for the 
gold seekers of the twentieth century 1” 

We did not need this sneering ebullition to let 
know the great advance America has made m civili. 
zation and m the humanities The French Govern 

dentists in Pans to 
attend the International Medical Congress of 1887 
and to report on the dental schools and the state 
dentistry m the United States His report u ■ 
printed in an elaborate v olume entitled “ VAri Den 
tairc dc^ Rtat^ Urn, ” In that official report, which 


US 


of 


18 complimentary to the United States m the highest 
degree, the writer regrets that France is so far behind 
the United States in the dental art The superiority 
of American dentists has been acknowledged by the 
world for more than two decades, and an American 
dentist (E\ ANs) m Pans recened more decorations 
of honor than any professional man of Ins time, 
whether in Ins particular field or out of it 

Nor 18 this superiority tho result of the \ nst number 
of cases of bad teeth, as our contemporarj^ would have 
us believe It is because the Americans have passed 
beyond the dentistry of the Middle Ages, and realize 
that sound teeth are conducii e to longe\ itj Tlie 
filling of teeth is neither new nor peculiar to Amer¬ 
icans, and it IS doubtless true that tlie ancients un¬ 
derstood the care of the teeth much better than the 
modern French The third /EscuLArius is usually 
given credit for being the first to extract teeth, but 
the Egyptians understood their preservation well, 
and Galea introduced into the canons tooth a pellet 
of wav for the toothache, and as a permanent cure 
he first cleared the cavity with acid and then filled 
it with powdered pyrethrum with resin or wav as an 
outer covering Indeed, the ancient Romans took 
great care of their teeth, according to Plini, washing 
and rubbing them repeatedly, and as ue learn from 
Horace (Sat I) when thej lost them they had them 
replaced with ivory teeth, and when loose they bound 
them Bith a thread of gold Tripoli powder (“red 
soda”) was much used as a dentifrice,' and the 
ancient surgeons, subsequent to Celsus, punctured 
alveolar abscesses with the red hot iron The puta¬ 
tive father of French surgery, Gu"i de Chadliac, (its 
real father was Heari de MoADEvnuLE) made a seri¬ 
ous plaint that the pulling of teeth had been aban¬ 
doned to barbers and dentists, and he held that the 
operation was sufiSciently important to be attended 
to by physicians, but even Guv recommended the 
filling of cavities with aromatics and resinous sub¬ 
stances Spbeagel asserts that Joha' Abculaaus, the 
Veronese, (quoted by Rhazes) -was the first to use 
gold leaf for filling teeth, but judging from the 
remarks of our contemporary, his recommendation 
fell on stony ground, when it fell in Gaul 
In the matter of the construction of artificial 
teeth, ivory was alone used, down to the time of 
^t:oiae Ktjck, (he of the Canal) who insisted that 
the only proper ivory was from the task of the 
hippopotamus Dubois de Ghamaat (1777) was 
probably one of the earliest to use porcelain teeth 
Bub like eveiT solid advance in the other branches 
ent "" slow progress, and the pres- 

bSds Thf has been reached by regular 

htUe or\oth°ng'^in^hri''?*^“r'''''^ 
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Liver Damage m Congestive Heart Failure. 

heart disease, subacute baclcrial endocarditis and congenital heart disease. 
Contrary to our apprehensions, the biopsies were uncomplicated and no 
hemorrhages were encountered. The material ’was fixed in formol saline and 
stained routinely with hcmatoxylinc and cosin, reticulum slain by the silver 
impregnation technic of Gomori, and Malloiy^’s picric stain for connective tissue. 
Iron pigment was stained by the Prussian blue method. 

The clinical sevcriiy was graded by an arbitrary method of labelling each 
predominant symptom by a number of pluses. The biopsy was performed within 
three days of gradation. 

Table I shows the five criteria selected for judging the clinical severity of 
congestive heart failure and their grading:— 

Table I. 

Showmg criteria for judging severity of congestive heart failure. 


Symptom. 


Grades of SEimRiry. 

- 

1 + 

2 + 

3 + 

4+ 

1 . General appearance of 
patient. 

Apparently 

well 

Slightly ill 

Moderately ill 

Very ill 

2. Dyspnoea 

On moderate 
e.xertion i 

On walking 

i 

At rest 

Orthopnoea 

3. Veins in neck with patient 
at 45° inclination 

Just seen 

i 

Up to middle 
of neck 

Up to angle of 
jaw 

Full 

4. Edema 

Feet or face j 

Feet and legs 

Feetj legs and 
abdomen 

Generalised or 
with ascites 

5. Liver enlargement 

Uptol" , 

i 

Up to 2" 

Up to 3" 

More than 3" 


Simultaneously, a composite liver function study was performed on every 
patient. This included the total proteins, albumin and globulin, (King, 1946), 
colloidal gold flocculation test (Maclagan, 1944), prothrombin time determination 
(Iyengar et al., 1940), bromsulphalein retention (Rosenthal and White^ 1925), 
urine urobilinogen (Wallace and Diamond, 1925) and serum bilirubin (Malloy 
and Evelyn, 1934). 

A 24-hour sample of urine was subjected to a paper partition chromato¬ 
graphic analysis using the double dimensional technic of Williams and Kirby 
(1948) with phenol and butanol acetic acid water as the solvents, 0*25 c.c. of mine 
was used. 


The extent of centrilobular hepatic necrosis was graded as follows: 

Grade A. —Hepatocellular changes confined to the region immediately 
adjacent to the central vein (Plate 1, fig. 1). 

Grade B. —Liver cell necrosis confined to the central l/3rd of the lobule 

(Plate 1, fig. 2). 

Grade C. —Liver cell necrosis extending beyond the central l/3rd of the 
lobule (Plate 1, fig. 3). 



Gr.n(l<^ A cciitrilobular lirpatic 
necrosis with clianijcs coniinrd 
to the repion immediately ad- 
iaeent to the central vein; 
X 150. 


Fio. 2. Grade U ccntrilobular 
hepatic necrosis with 
changes extending to 
ahoul central l/3rd of 
the lobule; X 150. 
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Liver Dainage in Congestive Heart Failure. 

Table II. 

Showing the relationship of the clinical grades of congestive failure with the 

severity of cetitral necrosis. 



Grades or central necrosis. 

Clinical grades. 




A 

B 

G 


3 

2 


+ -f 

2 

3 


4- + -l- 

1 

3 

1 5 

+ 4 - + '{- 


4 

6 


The pathological severity of the congestive failure was also related to the 
duration of the disease, the longer duration of the disease being related to greater 
severity of central necrosis. None of the patients with type G change had been in 
failure for less than 3 months. Only 2 of J2 patients with type B change and no 
patient with type A change had been in failure for more than 2 months. Central 
necrosis was seen in all etiological types of congestive heart failure but the severer 
grades were more common in mitral stenosis. Mitral stenosis was also the most 
common cause of fibrotic changes of any consequence, 4 out of 5 cases of cardiac 
fibrosis, being caused by it. All these patients had repeated attacks and remissions 
of congestive failure, the shortest duration being two and a half years. 

Liver function studies .—Of the 61 cases studied, 10 had hypoproteinemia. 
Disturbance of the albumin and globulin values was, however, in a greater number 
of cases, e.g. hypoalbuminemia and hyperglobulinemia in 40 cases. Thymol 
turbidity values were above normal in 6 cases, and in 13 cases the thymol floccu¬ 
lation and colloidal gold flocculation tests gave positive results. Cephalin choles¬ 
terol flocculation was positive in 35 cases, Bromsulphalein test was positive in 
29 cases. Urine urobilinogen values were inconclusive as the excretion showed 
fair degree of variation from day to day in a large percentage of cases. Of the 61 
patients, 25 patients had serum bilirubin higher than 1 mg./100 c.c. However, 
an appreciable degree of jaundice with serum bilirubin greater than 3 mg./lOO c.c. 
was present only in 3 cases. It was noted that the abnormalities of the function 
tests were not closely related to the clinical severity though generally speaking the 
patients in advanced circulatory failure had a greater aberration of the function 
tests. Graph I represents the pattern of hepatic function tests in a composition 
function chart. 


A correlation of the grade of pathological change in the liver with the 
abnormality of the liver function tests was only possible in the^ 29 cases whose 
specimens were available for histological study. Hypoproteinemia was not related 
to the degree of liver damage. Hypo-albuminemia and hyperglobulinemia was 
present only in grades B and C. Amongst the flocculation tests, only the cephalin 
cholesterol test showed a graded positivity, e.g. being positive in 9 out of 15 cases 
in grade B and 7 out of U cases in grade G. Bromsulphalein test was positive 
to t significant degree (above 10 per cent) in only grade G, being positive (10 to 
40 per cent retention) in 9 out of 11 cases. The mean serum bilirubin values 
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tended to be higher in patients with severer degrees of hepatic damage. In two 
eases of grade C, it ^vas liighcr than 3 mg./lOO c.c, and in 4 out of 12 cases of grade 
B, it was higher tlian 1 mg./100 c.c. It was uniformly below 1 mg. in all cases 
of grade A. 



Composite liver ftmelion study chart showing pattern 
of hepatic function test results. 

Study of amttio~acid melabolism by paper-parlilion chromatography ,—Generally 
speaking, in the clinical 3-\- and 4-|- grade cases, a tendency to amino-aciduria 
was seen to be present. Contrasted with a normal pattern in which usually 
only 3 amino-acids ^ are present (glycine, alanine and histidine), an average case 
of advanced congestive failure showed the presence of as many as 16 amino acids 
(Graph 2). In some eases, the glycine, ornithine and histidine spots tended to be 
the strongest in intensity of colour. This amino-aciduria also tended to diminish 
with the clinical recovery of the patients. 


Discussion. 

A noteworthy observation in the above study is the almost invariable finding 
of central^ necrosis. Several explanations have been offered for this change. The 
peculiarities of the blood supply have, in a large measure, been incriminated 
Liver is the only organ in the body which is supplied predominantly by venous 
blood. Less than one third of the total blood supply of the liver is derived from 
hepatic artery (Macleod and Pearce, 1914). Moreover, the branches of the 
hepatic artery in the interlobular septa average 8 microns in diameter comnared 
with the 9 to 10 microns in diameter of the portal vein. The liver cells at the 

oxygen tension than at the periphery 
(Blalock and Mason, 1936)._ Also, by the time the blood reaches the eJnS 
vein from the portal system, it is deprived of much of its meager share of 
content Hence, the ccntri^onal cells are on a precarious oxyfS sSy aS 
fall in Its level even for a short time is apt to produce degenerative changes ^ 
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Graph 2 . 

Double dimensional chromatographic pattern ojthe amino acids in urine m congestive heart failure. 


]. Ornithine (two spots) 
3. Aspartic acid 
5. Ornitliine 
7. Glutamic acid 
9. Threonine 
II, c< -Alanine 
13. Citrullinc 
15. Phenyl-alanine 


2. Cysteic acid 
4. Asparagine 
6 . Serine 
8 . Glycine 
10 . Histidine 
12. Tyrosine 
14. ? 

16. ? 
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Double dimensional chromatographic pattern of the amino acids in urine in 
congestise heart failure; sixteen ninhydrin-posiiive spots could be seen 
and fourteen of these could be recognized as particular amino acids. 

Recent studies of Elias and Popper (1955) further explain the ease with which 
central necrosis is produced in man contrasted with the rat. In rat, the periportal 
area in a particular lobule receives scanty blood supply from the main portal 
branch, in contrast to man in whom the areas around the middle-sized and larger 
portal triads receive blood directly from the main portal branch. There are similar 
differences in the drainage also. In rat, the drainage is free, sinusoids entering 
almost all branches of the hepatic vein. In man, only the central veins receive the 
sinusoids. The difficulty of lobular drainage is further aggravated by throttle 
mechanism produced by a fine arborization of the hepatic vein, branches. Thus, 
in man as contrasted with the rat, the blood supply to the lobule from the portal 
tract is relatively free but the drainage is deficient. Hence, on the slightest 
provocation in the form of low cardiac output, anoxia or shock, central necrosis is 
produced. It then appears likely that any fall in the cardiac output, specially if 
accompanied by shock of a few hours duration, would lead to centrilobularnecrosis. 
This, however, could not be the sole factor. Sherlock (1951) has reported that 
there was a group of patients with high cardiac output and who also had centri- 
lobular necrosis. It is possible that in these cases, the high cardiac output may 
be associated with a low oxygen saturation. Anoxia itself may also cause a 
sinusoidal dilatation, even in the absence of any mechanical obstruction to the 
blood flow (Seneviratne, 1949). 

The finding of dilated central veins and dilated sinusoids in the central zone 
indicate increased pressure in the hepatic venous system. By and large this has 
been found to be true, as usually, the patients with constrictive pericarditis have the 
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maximal necrosis. However, in Sherlock’s {he. cU.) studies, no constant relation¬ 
ship was found to exist between the right auricular pressures and the degree of 
central necrosis. Another factor which contributes to the degree of necrosis is 
the duration of the failure as is obvious from our studies, 

A full-ncdged cardiac cirrhosis is relatively rare, probably due to the fact 
that prolonged recurrent episodes of circulator)' failure arc required for the laying 
down of connective tissue bands and distortion of the lobular architecture. Most 
patients die in the stages of early reticular condensation. It might appear that 
the cirrhotic lesions result from a replacement of the centrizonal necrotic tissue with 
connective tissue, the resulting capillarization establishing vascular shunts. This 
has been contradicted by the studies of Moschovitz (1952) who observed that 
congestive failure without prolonged hypertension got no further than extensive 
centrilobular necrosis and reticular condensation. In patients in whom portal 
hypertension of a central nature is maintained for a length of time varying degree 
of fibrosis occur, var)'ing from sclerosis of central veins to the development of a 
full-fledged cirrhosis including central as well as portal fibrosis. His contention is 
based on the argument that histological evidence of ‘ Congestive splenomegaly ’ 
was present in CVC 17 ease. According to him cardiac fibrosis is not a simple 
replacement fibrosis but an active proliferative proecss. Vascular shunts are 
established between the portal and hepatic venous systems which sen'c to equalize 
the pressures. 


Our own studies bear out that in prolonged congestive failure there is 
appreciable degree of histological and functional damage, though the liver still 
retains a fair degree of functional resen'c and is capable of complete recovery with 
improvement in tiie circulator)' failure. Nevertheless, repeated attacks particularly 
with mitral stenosis, bring about irreversible cirrhotic changes in the liver and once 
vascular shunts arc established, the damage may be irreversible or even be 
progressive. We arc not in a position to substantiate the theory of Moschovitz 
{he, cil.) that a prolonged portal hypertension only can produce ac ardiac cirrhosis 
as splenic enlargement was not noted to be a uniform observation in all eases of 
cirrhosis and the splenic tissues were not available for histological study. 


The correlation of the clinical severity, the extent of central necrosis and the 
function tests also indicate that a clinical judgement may be a more accurate 
measure of the extent of damage to the liver than the function tests alone. There 
are no specific clinical or functional indications of cardiac cirrhosis except that a 
case with repeated episodes of long duration and particularly in the presence of 
mitral stenosis may be suspected to have developed fibrotic changes. 

The observation regarding the amino-aciduria is interesting. The fact 
that the total number of amino acids for the same volume of urine increased from 
3 to 16 in cases with moderate to marked congestive failure indicates that the 
amino-aciduria is an important metabolic change to be reckoned with. The exact 
mechanism of this change cannot be explained. As in other conditions, such as viral 
hepatitis where a breakdown of cells is going on, it may be speculated that here 
too, the amino-aciduna may be due to either a diminished capacity of the liver to 
deammate the ammo acids or due to an increased breakdown of the cellular proteins 
into ammo acids. As the liver cells regenerate with-diminished load of circulation 
on the liver the amino-aciduria also undergoes a notable diminution 
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Summary. 


1. A combined clinical and biochemical study on 61 cases of different 
etiological types of congestive heart failure has been done. Out of these his- 
topathological correlation was done in 29 cases in which puncture biopsy of 
the liver was done. 

2. Histopathological changes showing the transition from the earliest 
centrizonal congestion to advanced cardiac fibrosis have been described. 

3. Most severe form of central necrosis was seen in congestive heart failure 
due to mitral stenosis. The clinical severity of the failure was fairly closely related 
to the severity of central necrosis. The latter was also closely related to the 
duration of the disease. Mitral stenosis was also the most common cause of cardiac 
fibrosis. 

4. Abnormality of the liver function tests was not closely related to the 
clinical severity of the disease. Albumin and globulin content, cephalein cholesterol 
flocculation and bromsulphalein excretion tests tended to be more abnormal in 
cases with advanced central necrosis. Patients with high serum bilirubin values 
were also those with severe hepatic damage. 

5. A very significant finding was a marked amino-aciduria in patients with 
advanced congestive failure. 

6. The mechanism of central necrosis and fibrosis is briefly discussed. 
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Hypothermia offers new prospects in the treatment of congenital heart 
disease, cerebral vascular tumours, and aneurysms. There are, however, two 
significant hazards which handicap this advancement. The reduction of body 
temperature sometimes induces serious cardiac arrythmias, particularly ventricular 
fibrillation, and irreversible changes in the nervous system, especially in the heart 
regulating mechanism, the respiratory, and cardiovascular centres. A fair amount 
of progress has been made to understand the mechanisms of these derangements 
and the treatment for it but the problem still remains to be completely solved. 

These complications have variously been assigned to hypocarbia (Bigelow 
et al., 1950), hypercarbia (Fleming, 1954; Lynn et al., 1954; Swan et al., 1953), 
hyperkalasmia (Sealy, 1954), hypokaleemia (Swanefa/., loc. cit.), too much calcium 
(Lynn et al., loc. cit.), too little calcium (Swan et al., loc. cit.), anoxia (Lutz, 1943), 
and acetylcholine metabolism derangement (Hegnover, 1949; Milch et al., 1951- 
Noell, 1945). 
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Acetylcholine and Glutathione in Hypothermia. 

- The views are extraordinarily conflicting to know all the details about the 
difficulties. The problem in this paper has been tackled by estimation of acetyl¬ 
choline and glutathione in the hearts and brains of normal and hypothermic dogs. 

Methods. 

Twenty normal dogs were used in this study. Six of these were used as 
controls, while, in 14 hypothermia was produced. 

The control animals were anesthetized with ether and their heart and the 
following portions of brain removed;— 

{a) Whole of the hypothalamic region. 

{b) Anterior portion of the frontal lobe. 

(c) Portion of temporal lobe including the periamygdaloid region and the 
Ammon’s Horn (hippocampus). 

Acetylcholine was extracted and essayed from the heart and the brain 
portions by the method recommended by Nachmansohn and described elsewhere 
(Anand, 1952). Reduced glutathione (GSH) content of these samples was 
determined by the method of Hess as modified by Woodward and Fry (1952). 
From the values obtained in these control animals, normal averages of acety- 
choline and glutathione content of heart, hypothalamus, frontal and temporal 
lobes were worked out. 

In 14 dogs hypothermia was produced under ether anaesthesia. Shunt of 
the blood from femoral artery to femoral vein through a polyethylene tube, dipped 
in ice, supplemented with surface cooling, was used for producing this effect. 
Heart and brain portions were removed during the hypothermic condition of the 
animals, and the acetylcholine and glutathione content of the heart, hypothalamus, 
frontal and temporal lobes estimated. 

The values for acetylcholine and glutathione obtained under hypothermic 
conditions were compared with the average normals obtained from control animals. 

Results. 

The results of the acetylcholine and glutathione estimations in normal as 
well as hypothermic dogs are given in Tables I and 11. It will be seen that 
acetylcholine content of the heart is lower than that of the nervous tissue, and that 
the hypothalamic region contains an appreciably higher level of it in comparison 
to the frontal and temporal lobes. Glutathione content also is lower in the heart 
as compared with the nervous tissue, but its concentration in the hypothalamus 
is about the same and not much higher as compared with the frontal and 
temporal lobes. 

Acetylcholine was estimated in all the 14 dogs after hypothermia, while 
glutathione was determined only in 7 of these. An average fall of 14’5° C. below 
that of average body-temperature was obtained by the hypothermic techniques used. 
On comparing the average values of acetylcholine and glutathione after hypo¬ 
thermia wth normals obtained from controls, it is clearly established that hypo¬ 
thermia decreases the amounts of both acetylcholine and glutathione in the heart, 
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and the hypothalamic and frontal regions of tlic brain. The decrease of these 
chemicals in all the three regions is statistically significant. 

Table I. 

Aceljlclioline content of tissues of six normal and fourteen hypothermic dogs. 


Normal dog: Average body tcnipcrnturc=30'5'’ C. Hypothermic dog: Average body 
tcmp.=23‘9'’G Results arc given in t; per 1 g. of tissue. 


Hypothalamus: 

Fro.stal Loni:: 

Temporai. lope: 

Hea 

rt: 

Normal. 

j 

: Hypother¬ 
mic. 

Normal. 

Hypo¬ 

thermic. 

1 

Normal. 

Hypo¬ 

thermic. 

1 Normal. 

Hypo- 

thermic. 

0-3604. 

0-028* 

0-2974; 

0-033 

0-I23± 

0-007 

0-113± 

o-oii 

0-137i 

0-006 

0-268± 

0-024 

0-065± 

0-005 

0-053± 

0-008 


*Mcan ± standard error. 


Table II. 

Glutathione content of tissues of six normal and seven hypothermic dogs. 


Body temperature of dogs same as in Table 1. Results in mg. per 1 g. of tissue. 


Hypothalamus: 

FnONTAt 

- lobe: 

TeMPOR/ 

\L lode: 

Hea 

rt: 

Normal. 

Hypo- 1 
thermic. 1 

Normal. 

H)-po- 

ihcimic. 

Normal. 

Hypo¬ 

thermic. 

Normal. | 

1 

Hypo- 

thermic. 

1-107± 

0-046 

0-829± 

0-031 

l-050± 

0-078 

1 

0-927± 

0-061 

0-877± 

0-025 

l-005± 

0-055 

0-387± 

0-012 

0-344± 

-0-024 


It is, however, most interesting to note that hypothermia actually increases 
both the acetylcholine as well as glutathione content of the temporal lobes. The 
portions of the temporal lobe tested included the important limbic periamygdaloid 
and hippocampal (Ammon’s Horn) regions. The possible significance of this 
observation is great and is discussed. 


Discussion. 


Acetylcholine as a chemical transmitter of cholinergic impulses has been 
finally established since long (Minz, 1955). Its effect on the neuro-muscular 
junction has been approved to be utilized as a biological test for its detection 
(Minz, loc. cit.). 


It has been determined that there is an optimum quantity of acetylcholine 
which is necessary for the physiological effects of this chemical in various regions 
of the central nervous system. This quantity is different in different tissues and 
vanes with the embryological and functional development of the tissue In the 
adult central nervous system it is maximum in the basal ganglia and minimum in 
the cerebellum, thalamus contains more than the hemispheres and grev matter 

r iniportant quantities are prfsent ?n the 

ganglia and fibres of the autonomic nervous system (Minz, loc. cit.). 
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Acetylcholine and Glutathione in Hypothermia, 


In addition to its function as a cholinergic transmitter, acetylcholine also 
protects the tissues against anoxfemia. This it does in collaboration with glutathione 
which acts because of the role it plays in glycolysis during the an^robic metabolism 
and also because it accelerates the formation of more acetylcholine. 

Glutathione is known to activate the cereberal phosphorylase in the concen¬ 
tration from 10 to 20 mm. (McIIwain, 1955). Damage to the sulfhydryi system 
by radiation or by chemicals in the embryo, which predominantly depends on 
anserobic glycolysis for its development and metabolism, is usually lethS (Hicks 
et al, 1955j. In hypothermia too the threat of anoxemia is met by the cell by 
resorting to an®robic glycolysis \vitli the help of its sulphydryl system. 

The way glutathione acts to affect the synthesis of acetylcholine has been 
worked out recently (Minz, toe. ciL), The acetylcholine cycle consists of splitting 
of this compound to choline and acetate by cholinesterase and then its re-building 
for its storage and liberation. The re-synthesis occurs in two steps. The first 
leads to the formation of ‘ active acetate ’ which is identical to co-enzyme A. The 
second step consists of active acetate combining with choline to form acetylcholine. 
The sulfhydryi group plays an important rSle in the first step, for co-enzyme A is 
acetylated on the sulfhydryi group of that enzyme , This work has established the 
intimate interdependence of glutathione and acetylcholine for their functional activity. 

In the experiments it has been found that during hypothermia there is almost 
pari passu diminution of acetylcholine and sulfhydryi in frontal lobes, hypothalamus, 
and heart. During hypothermia there is diminution of the cell metabolism in the 
heart and ner\^ous tissue which is reflected in the diminution of these two chemicals 
also. It is surmised that in cases where the diminution effects adversely, the 
mechanism to maintain the optimum quantity in the heart and the vital centres of 
the brain gets irreversibly damaged. This leads to the consideration and 
suggestion that it may be beneficial to give adequate doses of acetylcholine and 
glutathione during hypothermia as a prophylactic to prevent abnormal rhythm in 
heart and failure of the vital centres in the nervous system. This should be resorted 
to especially during recovery phase when the temperature begins to rise, the 
metabolism in the tissues is increased and there is likelihood of the development of 
anoxaimia. 

In this experimental study the acetylcholine and glutathione contents of the 
temporal lobes containing Ammon’s Horn (hippocampus) have been found to 
increase with hypothermia in contrast to what is found in the other regions of the 
brain. This signifies that the metabolic pattern of this region is not allied to the 
other tissues examined in this study. Ammon’s Horn (hippocampus) is essentially 
a part of the limbic system whose function is primarily autonomic or visceral. 
The morphologic appearance and the biochemical constitution of this region has 
been investigated recently (Lowry et al., 1954) and it has been pointed out that it 
differs from other regions of the cortical surface, such as the frontal and occipital 
lobes in several respects. Periamygdaloid region, including Ammon’s Horn, is 
especially found to be related to the maintenance of body-temperature in general 
and temperature of the viscera in particular (Feindel et al., 1954; Strich, 1956). 
It is tentatively surmised, therefore, that the increased metabolic activity of the 
periamygdaloid region may be because this region becomes hyperactive to coui^er- 
aet the h^'pothermia to maintain the normal body and visceral temperature. The 
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failure of this activity in this region may finally damage all ability on the part of the 
animal to regain normal body-temperature after the induction of hypothermia has 
been stopped. 


Summary. 

1. Acetylcholine and glutathione estimations of heart, hypothalamic region, 
frontal lobe, and temporal lobe (including pcriamygdaloid and hippocampal 
regions) ^\■crc carried out in 6 control dogs and 14 dogs made hypothermic. 

2. With an average drop in the body-temperature of about 14-5°C., the 
acetylcholine and glutathione amounts significantly decreased in the heart, 
hypothalamus, and frontal lobe. 

3. Hypothermia, on the other hand, increased the acetylcholine and 
glutathione content of the temporal lobe. 

4. Significance of these obsciYations is discussed and a suggestion made for 
the prophylactic use of acetylcholine and glutathione in hypothermia. 
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EXPERIMENTAL PEPTIC ULCERATION. 

Part I. 

THE SIGNIFICANCE OF ‘ MUCOUS BARRIER 

BY 

S. H. ZAIDI, 


AND 

B. MUKERJI. 

{Ftovi the Central Drug Research Institute, Lucknow.) 

[ Received for publication, May 22, 1957. ] 

The importance of mucous secretion as a response of gastric mucosa to trauma 
has long been recognized (Bernard, 1856; Kaufmann, 1908; Whitlow, 1920; 
Babkin, 1928; Kim and Ivy, 1931). Florey and Webb (1931) investigated the 
protective r61e of mucous on gastric mucosa. Babkin el al. (1941) studied the 
secretory activity of the gastric mucous glands caused by the application of irritants. 
Wolf and Wolff (1943) observed in a patient of gastric fistula that the gastric mucosa 
which lay exposed had defective mucous formation, hence developed erosions. They 
further observed that if the mucous was wiped away, the mucosa became suscep¬ 
tible to irritants and bleeding rapidly occurred. Hollander, Stein and Lauber 
(1946) studied the secretion of mucous of Heidenhain pouches and noted that the 
more irritant the stimuli, the greater was the secretion of gastric mucous. 
Sanchez-Palomera (1951) suggested that the defence mechanism of gastric mucosa 
was superior to that present in other regions of gastro-intestinal tract. 

Gastric mucous, which is secreted by the mucous cells, has been defined 
by Babkin (1950) as an independent tissue composed of carbohydrates, protein, 
mucoitin-sulphuric acid and hydrochloric acid. Ihre (1938), however, pointed 
out that ‘ all the fluid which arises from the stomach and which can act as dilutor, 
acid-binder or neutralizer of the primary acidity of the gastric juice ’ represented 
gastric mucous. Webster and Komarov (1932) cited two types of gastric mucin 
one ‘ visible mucin ’ secreted by surface epithelium and the other. ‘ dissolved mucin ’ 
obtained from the tubular gastric glands. The acid-binding power of mucous 
has been studied by Bolton and Goodhard (1933) and Boldyreff (1936). These 
workers have shown direct neutralization of acid by mucous. Inhibition of peptic 

( 27 ) 
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digestion by mucous Las been demonstrated by Osterberg et al (1933) and Bradley 
and Hodges (1934). With tliis in view, the role of mucous in the normal and 
patients of peptic ulceration was investigated, but the reports on the comparative 
concentration of gastric mucin were contradictoiy; therapeutic trials following 
administration of mucin to patients of peptic ulceration were also inconclusive 
(Babkin, 1929; Miller and Dunbar, 1933; Block and Rosenberg, 1933; Hurst, 
1933; Anderson and Fogelson, 1936; Necheles and Coyne, 1938; Brumer, 1946; 
Tulin, Gutmann and Almy, 1947; Glass and Boyd, 1950). The significance of 
mucous barrier as a defence mechanism in relationship to peptic ulceration still 
remains to be investigated. In the present communication, therefore, an attempt 
has been made to study the relationship of mucous to experimental peptic 
ulceration. 


Materials and methods. 

Animals.—Male guinea-pigs of average weight 500 g. were used. 

Production of mucous barrier.—Capsicum minimum Roxb, * an important flavouring 
and garnishing agent, has been used as an ‘ irritant ’ for mucous production. 
The dry pods of capsicum were ground in an electrically-driven grinding machine 
and sieved through a fine muslin. The sieved powder (0'5 g.) was then suspended 
in 10 c.c. of distilled water and used as a meal for the stimulation of mucous. 

The gastric contents of guinea-pigs were aspirated at 10 a.m. Six and 
eighteen hours after aspiration 10 c.c. of capsicum suspension was introduced res¬ 
pectively through a No. 5 rubber catheter into the stomach. No food was given 
during the period of experiment and water was also discontinued from 6 a.m. on 
the day of injection until all the animals were sacrificed at 4 p.m. 

Production of peptic ulcer .—The method of Halpern and Martin (1946), with 
suitable modijfication, has been found satisfactory. The guinea-pigs were injected 
1 c.c. (5 mg./c.c.) solution of promethazine hydrochloride ‘ phenergan ’ (May and 
Baker) and after fifteen minutes 1 c.c. of histamine hydrochloride (E. Merck) 
solution (50 mg./c.c.) was given intraperitoneally. This was followed fifteen 
minutes later by another injection of the same dose of phenergan. The second 
injection of phenergan was a modification on the method of Halpern and Martin 
(toe. cit.). It was used to offer good protection to the animals against histamine 
toxicity. This method produced ulceration within a period of four hours. 

Plan of the experiment. 


The animals were divided into five groups and in each, gastric secretion and 
histopathological changes were investigated. Groups II, III and IV included 
12 guinea-pigs each, while group I had only 6, and group V, 26 animals. In 
groups rrr and V, mucous barrier was produced as described, while in groups I, 


♦The dry pods contain about 0-1 per cent of a pungent principle, capsaicin (GiBH^vOglAvlucii is present 
in the inn^ u'all of the fruit. The contents of capsaicin in this variety is wtlim a narrow range, the average 
being 0T4 per cent (British Pharmaceutical Codex,_ 1934, Pharmaceutical Press, London and the Exlia 
Pharmacopoeia-Martindale, 1941, The Pharmaceutical Press, London). 
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rr and n’', instead of irritant suspcnsioiij 10 c.c. of distilled water (control) was 
administered. In grouj^s IV and V the injections for the production of peptic 
ulcer Avere commenced one hour after the second meal. In group II in which the 
action of phenergan was alone tested, histamine was replaced by distilled water 
injection. All the animals in each group were sacrificed by ether anaesthesia four 
hours after the second meal. 

Basal secretion of gastric juice tvas also studied in twelve normal guinea-pigs 
after fasting them for 24 hours, 

HisTOPATIIOLOGICAL TEClINiaUE. 

Autopsy was performed on all the animals which were sacrificed including 
those which died during the injection period. After opening the abdominal 
cavity, the stomach was inspected in situ for motility, distension, congestion or 
perforation. It was then taken out, a slit of about an inch made from the duodenum 
along the greater cun’ature and the contents drained in a beaker. The stomach 
^^'as then opened along the whole length of the greater curvature, pinned on a cork 
mat and fixed in 10 per cent formal saline for two hours to prevent autolysis. The 
degree of ulceration was then studied with a magnifying glass by vertically holding 
the stomach against light and lesions graded *, maximum score being 100; (a) haemorr¬ 
hage and erosion—20, {b) superficial ulceration showing breach in the mucosa—40, 
(c) deep ulceration where all the layers except a thin outer layer (serosa) intact— 
80, {d) perforation—90, and (r) extent of the surface involved—10. The ulceration 
indices were calculated according to the method of Pauls, Wick and McKay 
{loc. cit.). 

The stomach was again pinned on a cork mat and fixed for four days after 
which one block each was selected from the cardiac, fundal and pyloric regions 
of the stomach. After complete fixation, the blocks were embedded in paraffin 
and cut at 5 /n. Three serial sections were mounted from each block, the first was 
stained ^vith liEcmatoxylin and cosin, the second with the PAS for mucin (Pearse, 
1949), and the third kept as spare. The blocks which-were fixed in Regaud’s 
fluid after complete fixation, were also embedded in paraffin and two sections 
, from each were cut at 5 Pepsinogen was stained by Hensley’s neutral gentian 
stain (Cowdry, 1948). 


Biochemical technique. 

The gastric contents from each animal were centrifuged to remove any 
food particles present. After suitable dilution mucin was estimated as glucoronic 
\ acid (Dische, 1947). Free and total acidity was titrated with 0-01 N-NaOH 
using Topfer and phenolphthalein as indicators and expressed as m.eq/1 and 
pepsin determined by the Mett-tube method (Hawk et al., 1947). 


♦Pauls «« al. (1947), Hay et al. (1942), Ambrus et al. (1953) and Brun (1952) found the eradinir of the 
seventy and extent of the lesions effective and satisfactory and therefore, it has been emploved^in the 
present investigation. cmpioyea in tne 
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Results. 

[a) Biochemical. 

^ Normal animals .—^The fasting contents of twelve normal guinea-pigs were 
studied for free and total acidity, peptic activity and mucin contents. The mean 
values and the range are summarized in Table I:— 

Table I. 


Gastric secretion of normal fasting guinea-pigs. 



Volume: 

Acidity: 

Peptic 

activity: 

! 

Mucin: 



Free. , 

Total. 



c.c. 

m.cq/l. 

f._. . .. .. . 

Mett unit. 

'Mg./lOOc.c. 

Mean* 

Range 

2-2 

1-3-8-0 1 

1 

1 

53 

18-76 

92 

44-152 

8 

0-41 

114 

50-240 


♦Number of animals = 12. 


Group I .—The effect of distilled water and rubber catheter on gastric 
secretion was studied and the results are shown in Table II. 

Group 11 .—^This group shows that phenergan has no action on mucous. Free 
and total acidity is of the same range as that found in water alone, but peptic 
activity appears to be depressed (Table II). 

Group III.—In this group the main increase is of mucous the mean values 
of which are four times higher as compared to groups I and II. The free acidity 
and peptic activity are 2‘8 and T4 times greater respectively, than seen in group 
I (Table II). 

Table II. 


Summary of results of biochemical investigations of gastric contents 

(Groups I, II and III). 


Group: 

I 

II 

III 

Number of animals 


6 

12 

12 

Volume, 

Mean 

6-8 

IM 

2-8 

c.c. i 

Range 

3-2-9'7 

2'5-17-3 

2-0-4-5 

Free acidity, 

Mean 

10-5 

7-3 

28-2 

m. eq/1 

Range 

0-21 

0-28 

7-115 

Total acidity 

Mean 

22-8 

24-6 i 

74-8 

m. eq/1 

Range | 

12-38 

11-47 

24-130 

Peptic activity 

Mean i 

3-5 

0-5 

5-0 

Mett unit 

1 Range 

0-22 

0-4 

0-36 

Mucin 

Mean 

357 

353 

1431 

mg. per cent 

Range 

288-448 

224-560 

887-2287 


Group I water alone, group 11 water and phenergan, group III water and capsicum. 
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Group IV. —^Tlic mc.'in values of acidity, peptic activity and mucin arc 
shown in Table III. Negative correlation cocfiicicnt is found between mucin and 
free acidity. Two out of twelve animals, which died immediately after histamine 
injection, could not get the second injection of phenergan, hence were excluded 
from this group. 


Table III. 


Summary of results of biochemical invcsligatious of gastric contents and degree of 
ulceration in guinea-pigs given ivater and injected icith histamine and 

phenergan (group IV). 


Animnl 

VoLUsir.. 

Acmirv’: 

Pes»tic 

ACTI- 

• vity; 

Meets-: 

Dccrek or 

I.NDEX OF 

Free. ! 

Total. 






c.c. 

ni.( 

q/i 

Mott 

Mg./ 

Fundus. 

pylorus. 

Fundus. 

Pylorus. 





unit. 

100 c.c. 





1 

14-0 

5 

IG 

0 

245 

0 

0 



2 

23-0 

95 

IIG 

0 

245 

51 

21 



3 

18-5 

GO 

75 

0 

21G 

71 

0 



4 

21-0 

58 

75 

0 

198 

44 

0 



5 

23-0 

55 

78 

0 

245 

42 

82 

44-4 

25-3 

6 

24-0 

35 

53 

27 

245 

71 

0 



7 

16-7 

35 

102 

31 

334 

25 

30 



8 

I3’7 

18 

52 

0 

384 

65 

65 



9 

18-2 

81 

120 

1 

320 

82 

83 



10 

12’7 

75 

102 

0 

256 

42 

0 



Mean 

18-5 

51’7 

78-9 

5-8 

273 

49-3 

28-1 




♦Index of ulceration= 


Mean degree of ulceration x per cent of group ulcerated 

Too 


Correlation coefficient. Mucin and free acidity =—O’25 

Correlation coefficient. Mucin and degree of ulceration = +0’08 
Correlation coefficient. Free acidity and degree of ulceration = -(-0’44 


Group V.—^The free acidity and peptic activity in group V (Table IV) 
is of the same order as noted in group IV. The mucous activity which is due to 
capsicum is three times higher as compared to group IV where no capsicum was 
administered. The correlation coefheient between mucin and free acidity is 
negative and statistically significant at 5 per cent level. The higher the mucin 
of the gastric juice, the lower were the values of free acidity. 


{b) Histopathology. 

Gross appearance. —The naked-eye examination of the stomach in situ of the 
normal, groups I and III, showed contracted stomach with prominent longitudinal 
folds on its surface. The mucosa was greyish pink and did not show any ulceration 
In group II the stomach was congested and distended. Group IV showed ulcera’ 
tion of varying degree and extent in fundus and pylorus. ■ In this erouo one 
animal had perforation and one showed normal appearance The idrerat^rl 
animals had chocolate brown fluid in their stomach!^ Normal appearance of 
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stomach was noted in animals in group V where there was no ulceration, but the 
ulcerated ones had similar picture as seen in group IV. 

Table IV. 

Summary of results and biochemical investigations of gastric contents and degree 
of ulceration in guinea-pigs given capsicum meal and injected with histamine 

and phenergan (group V). 


Animal 

number. 

Volume. 

Acidity : 

Peptic 

activity: 

Mucin: 

Degree op 
ulceration : 

Index of 

ULCERATION*; 

Free. 

Total. 





Mg./100 






c.c. 

m. 

=q/l 

Mctt unit 

C.C. 

Fundufe. 

Pylorus. 

Fundus. 

Pylorus. 

1 

7-5 

32 

96 

6 

1,225 

0 

0 



2 

5-5 

32 

62 

9 

1,820 

0 

0 



3 

200 

67 

114 

11 

700 

30 

0 



4 

8-0 

20 

68 

36 

630 

0 

0 



5 

5-0 

23 

90 

15 

1,320 

0 

0 



6 

12-0 

70 

130 

20 

490 

50 

0 



7 

3-0 

85 

155 

33 

630 

20 

0 



8 

9-5 

38 

98 

1 

940 

0 

0 



9 

10-8 

92 

115 

25 

274 

21 

0 



10 

2-6 

30 

88 

7 

791 

0 

0 



n 

37-5 

82 

120 

0 

566 

82 

41 



12 

5'2 

41 

47 

9 . 

490 

0 

0 



13 

8-5 

45 

68 

4 

274 

23 

0 



• 14 

2-7 

25 

60 

'7 

1,890 

0 

0 



15 

12-5 

20 

38 

0 

1,575 

0 

0 



16 

I4'5 

60 

90 

3 

549 

83 

41 



. 17 

2-7 

22 

58 

0 

802 

0 

0 



18 

8-3 

103 

145 

7 

730 

41 

0 

9-6 

1-5 

19 

8-3 

10 

31 

0 

713 

0 

0 



20 

28-0 

99 

168 

0 

774 

21 

0 



21 

27-5 

99 

162 

1 

730 

62 

0 


* 

22 

10-5 

12 

35 

0 

1,028 

0 

0 



23 

16-0 

95 

153 

0 

611 

41 

0 



- 24 

10-5 

74 

121 

0 

967 

0 

0 



25 

17-0 

96 

129 

0 

611 

71 

0 



26 

8-5 

31 

43 

0 

610 

0 

0 



Mean 

11-6 

54 

95-5 

7-4 

828 

21 

3-1 




Mean degree of ulceration X per cent of group ulcerated 

* Index of ulceration ~--——-inn 


Correlation coefficient. Mucin and free acidity — —O'45 (significant at 5 per cent 

level) 

Correlation coefficient. Mucin and degree of ulceration *= 0'45 (significant at 5 per cent 

level) 

Correlation coefficient. Free acidity and degree of ulceration = +70'0 (significant at 1 per cent 

level) 

The extent and degree of ulceration was noted and graded (Tables III and 
IV and, Plate III, figs. 1, 2, 3, and Plate IV, fig. 4). 

Microscopic appearances .—^The stomach- layers of the normal animals did not 
show any abnormality. The acidophilic parietal cells showed bloated appearance, 
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the pepsinogen granules filled the peptic cells and the mucous cells were distended 
with mucin (Plate IV, fig. dr?). Groups I and II presented similar picture except marked 
congestion in the later. In group III, marked congestion was present in all the 
animals, and slight oedema, especially in the submucosa in two of them. The 
mucous cells showed hyperactivity, most of them were faint pink while others 
distinctly pink and few deep pink when stained with PAS. Some animals showed 
practically no mucin in the mucous cells (Plate IV, fig. 5b). At some places 
mucous was seen adherent to the superficial layer of mucosa. Pepsinogen granules 
appeared to be normal in amount. There was no depletion of the surface 
epithelial cells or any evidence of erosion, hemorrhage or ulceration. 

In group IV the erosion showed depletion of the superficial cells of the 
mucosa while the deeper cells remained intact. The submucosa had slight 
oedema, marked engorgement of blood vessels and diffuse infiltration in the 
ulcerated area with acute inflammatoiy cells mostly polymorphoncuclear leucocytes 
(Plate V, fig. 6). The superficial ulceration showed complete destruction of the 
mucosa while muscularis mucosae, submucosa and serous layers were intact 
(Plate V, fig. 7). Deep ulceration was accompanied by the destruction of the 
muscularis mucosae and sometimes muscular layers. In one animal where 
perforation was noted, the margins of the perforation were everted and oedematous 
(Plate V, fig. 8). In this group marked congestion, oedema and infiltration with 
acute inflammatory cells was seen in the submucosa in all except one animal. 
Most of the animals showed dark pink mucous cells (PAS-stained) and normal 
amount of pepsinogen granules. ' 

In group V the animals which did not have any ulceration showed marked 
activity of the mucous cells. In those animals where ulceration did occur the 
mucous cells were less active as evident from the staining reaction (PAS stain). 
The ulceration was of varying degree and presented similar picture as noted in 
group rV. The inflammatory cells seen in various layers of stomach in this 
group were comparatively fewer as compared to group IV. 

(c) Frequency of non-iilcerated and ulcerated animals. 

The number of non-ulcerated and unlcerated animals in groups IV and V 
is given in Table V. Their proportion is not independent of the groups, the 
animals in group V, however, showed statistically significant protection from 
ulceration. 


Table V. 


The number of ulcerated and non-ulcerated animals. 


Group. 

Non-ulcerated. 

Ulcerated. 

Total. 

IV 

1 

9 

10 

V 

14 

12 

26 

Total ... 

. 15 - . • • 

.21 - 



(with Yates correction for continuity) = 4-05 P <0-05 
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(d) Conipd)ative study of histopaihologicdl appearances and biochemical findings, . 

The_ histological study of, mucin in PAS-stained mucous glands and the’ 
mucin estimated in the gastric juice showed, ah inverse relationship., The degree 
of ulceration showed a negative correlation coefficient (group V) with the mucin 
content of gastric juice. The pepsinogen granules had similar, relationship ivith 
the peptic activity but not in all anirhals. The higher the free acidity the greater 
was the degree of ulceration in the stomach and a positive correlation coefficient - 
present which was statistically significant at .l per cent level (group V). 


./Discussion. , - . 

» *0 ' • 

In the present experiments acute peptic ulceration has been produc.ec^'/ 
within a period of four hours with massive doses, of histamine in animals protected 
against its toxicity by phenergan. Mortality by our method was two -in thirty 
eight animals which received massive doses of histamine as compared to one in 
every ten animals as reported by Brun {loc. cit.). The severity of the damage of the 
gastric mucosa varied from erosion to perforation. The mechanism of this ulcera¬ 
tion-has so far been not clear. Code (1943) suggested that the ulceration v^as the 
result of the corrosive action of acid in gastric juice secreted in response to histamine. 
Mann (1935) produced experimental gastric ulcers by continuous drip of 0'4 per 
cent of hydrochloric acid through a gastric fistula at the rate of one c.c. per minute 
for eight hours. Halpern and Martin (loc. cit.) presumed that the ulcers produced 
by the large doses of histamine in the animals protected against the toxic effects of 
histamine with antihistaminics were also due to the acid hypersecretion of gastric 
juice: Ivy, Grossman and Bachrach (1950) noted that if the maximum acid-stimu¬ 
lating dose of histamine was exceeded, the development of peptic ulceration was 
also accelerated and suggested that acid alone was not the answer. The experi¬ 
ments reported in this communication clearly demonstrate that the increase of 
free acidity was found to be directly correlated with the degree of ulceration. 
Besides the high acidity, congestion and oedema were other factors brought about 
by massive dosage of histamine. Merkel (1942) suggested that oedema caused 
by hyperemia and capillary stasis was, responsible.for the easy digestion of mucosa 
by acid gastric juice. It may, therefofej be suggested that in the present investiga¬ 
tions hyperacidity and the oedema of the mucosa were the main factors in the 
causation of peptic ulceration. 

Brun {loc. cit.) pointed out that the vascular effect of histamine cannot be , 
separated from its secretory effects.. Basu Mullik (1955) suggested that ischasrnia 
led to ulceration. In his experiments ischaemia was produced by hypermotility . 
which persisted for half an hour even after the animals were killed. Moeller and ■ 
Kirsner (1954) also demonstrated that hypermotility was one of the causes for peptic 
ulceration. In our experiments the combined action of phenergan arid high doses 
of histamine resulted in the delayed emptying .of the stomach as evident by its 
bloated appearance. No visible peristalsis was seen at the time when the anirnals 
were sacrificed. The role of hyp'ermotility in the causation of peptic ulceration,- 
in the present experiment, however, cannot be substantiated. 
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Plate V. 








Knrly lixmorrhagic erosion 
involving only the super¬ 
ficial layer of tlic gastric 
mucosa. Tlic blood vessels 
in the sub-mucosa arc 
markedly congested. H & 
E X 30. 


The ulcer has involved 
the entire depth of the 
mucosa. H and E x 30. 


ft,-. .% 





Fig. 8. Perforation. The margins 
are everted and oedemat- 
ous. Right margin shows 
evidence of necrosis. H 
and E X 30. 
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Experimental Peptic Ulceration. 

Summary. 

1. Acute peptic ulceration has been produced within a period of four hours 
with niassive doses of histamine in guinea-pigs protected against its toxic effects by 
an antihistaminic-promethazine hydrochloride. The damage of the gastrie mucosa 
varied from erosion to perforation accompanied by congestion and oedema. 
Significant positive correlation was found between free acidity and the degree of 
ulceration. The mechanism of ulcer production has been discussed. It has been 
suggested that h>^eracidity and oedema of the mucosa were the causative factors 
for peptic ulceration. 

2. The significance of mucous barrier in the prevention of histamine-induced 
ulceration has been studied. Mucous was produced in guinea-pigs by using 
capsicum as an irritant. The more the production of mucous, the less was the 
degree of ulceration. Mucous also protected mucosa and submucosa from 
inflammatory reaction. The higher the mucin contents, the lower was the free 
acidity. It has been suggested that mucin neutralized the action of acid gastric 
juice, also adhered to the surface of the mucosa and formed a barrier against peptic 
ulceration. 

3. Capsicum in small doses for a short period did not produce any mucosal 
hsemorrhage or ulceration or even depletion of epithelial cells of the gastric mucosa 
of guinea-pigs. The most important gastric response was the production of massive 
amount of mucous. 

4. Phenergan when administered to guinea-pigs brought about a delay in 
the emptying of the stomach. There was no change in the free acidity and mucin 
contents but the peptic activity appeared depressed. Phenergan did not induce 
hasmorrahage, erosion or ulceration of the gastric mucosa. 


The authors are grateful to Messrs. B, L. Verma, S. K. Das and A. K, Deb 
for their technical assistance. Thanks are due to Mr. N. Sen for the statistical 
analysis and Mr. S. Banerji for the preparation of the figures and photo-micrographs. 
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In the study of steroid enzyme relationships a working hypothesis held by 
some current investigators consists of a system in which hormones exert their 
action by direct or indirect effects on accelerators and/or inhibitors of enzyme 
systems. Hayano et al. (1950) have reported that dcsoxy-cortisone and other 
steroids strongly inhibit the d-amino acid oxidase system. Hochster and Quastel 
(1951) working on «<-glycerophosphate dehydrogenase system found that the 
3-kctostcroids possess the highest in vitro inhibitory activity, while 17- and 20- 
ketostcroids possess activity, although at a reduced level. Meyer and MeShan 
(1950) reviewing various aspects of in vitro inhibition of the succinic-oxidase system 
have brought out that di-ethyl stilbestrol effectively inhibits this enzyme system 
in brain, adrenal, pituitary, kidney and heart tissue. The depressing in vitro 
action on the synthesis of acetylcholine in minced frog brain by steroids has been 
studied by Torda and Wolff (1950). This paper deals with the influence of 
testosterone and other steroid hormones on the salivary-amylase activity. 

Experimental. 

Specimens of saliva collected from human subjects, ages 18 to 25, were made 
use of in these experiments. The photometric method developed by Smith and 
Roe (1949) for the determination of amylase activity was employed to find out the 
amylase activity of each sample. Five c.c. of T2 per cent starch solution at 
approximately 90° C,, 3 c.c. of phosphate buffer (pH 7'2) and 1 c.c. of 0-5 per cent 
sodium chloride were, respectively, transferred into each of two tubes labelled 
A and B, the latter serving as a control. They were placed in a water-bath at 37°G. 
until they attained the temperature of the bath. Afterwads 1 c.c. of diluted saliva 
was added to tube A, and both tubes were kept in the water-bath for 30 minutes. 
Two c.c. of normal hydrochloric acid was added to each tube promptly to stop 
amylase action in the digest tube and to prevent action of the enzyme next added 
to the control tube. One c.c. of the enzyme was added to the tube B, Next 2 c.c. 
of each of these mixtures were transferred to appropriately labelled 500-c.c*. 

( 39 ) 
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flasks containing 400-c..c. distilled water and 5 c.c. NHcl. One c.e. of iodine 
reagent, prepared by dissolving 30 g. potassium iodide and 3 g. iodine in distilled 
water and making the volume to 1 litre, was next added to the two flasks, and the 
total volume made to 500 c.c. The resulting blue solution was deeanted to cuvettes 
and read in Klett-Summerson photo-electric colorimeter at 620 mfx. The eolori- 
meter is initially set at 0 using 5 c.c. distilled water for blank and repeating the 
above procedure. The amylase units are calculated from the relationship: 

(Reading of the control—(Reading of the digest) ^ dilution amylase units per 
(Reading of the control) ^10 c.c. of saliva. 

The results obtained for the normal values of salivary amylase aetivity for 11 
subjects are tabulated in Table I:— 


Table I. 


Results showing normal range of amylase activity 


in human saliva. 


Series. 

Subjects. 

Dilution. 

Amylase units per 
c.c. of undiluted 
saliva. 

1 . 

U.H.C. 


460 

2 , 

G.B.M. 



3. 

R.A.M. 

1:150 

675 

4. 

M.D.K. 

1:150 

965 

5. 

V.M.D. 

1:100 


6 . 

A.N.P. 


515 

7. 

I.G.P. 


492 

8 , 

N.F.B. 

1:100 

480 

9. 

N.P.S. 

1:100 

462 


N.M.A. 

1:150 

558 

11 . 

R.G.S. 

1:150 

738 


Next, in order to study the influence of steroid hormones on amylase 
activity, the test steroid hormone* solution was added in known amounts, to the 
mixture of 5 c.c. starch substrate, 3 c.c. phosphate buffer, and 1 c.c. of 0-5 per cent 
sodium chloride and afterwards followed by the addition of 1 c.e. of dilute saliva 
and kept in a water-bath at 37° G. for 30 minutes. Repeating all the steps above 
described the altered amylase activity of the samples in the presence of the hormone 
was determined. The results obtained for four samples are recorded in Table If. 

Discussion. 


The normal range of amylase activity in the saliva of the human subjects 
tested has been observed to be from 460 to 965 units; a unit of amylase being 
defined, in conformity with other units in vogue, as the amount of the enzyme 
that, under the conditions of this procedure, with 60 mg. of starch present, wiJ 


*The hormones were kindly donated by Unichem Laboratories, Bombay, through the courtesy of 
Mr. A. V. Mody. 
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hydrolyse 10 mg. of starch in 30 minutes to a stage at which no colour is given 
^vith iodine at 620 m/i. Inhibitoiy cfTccts of both desoxycorticosterone acetate 
and progesterone on amylase activity can easily be noted by reference to Table II. 
The former brings about a nearly 5 per cent change in activity, while the latter a 
still higher change in activity to the extent of 9 to 11 per cent. It may also be said 
that this influence is in proportion to the increase in hormone levels, as the com¬ 
parison of results in appropriate columns in Table II ^vill show. Hayano and 
Dorfman (1951) have reported a slight inhibitory eficct of desoxycortisone during 
the course of their ^\•ork using commercial amylase. While the present results 
confirm their findings in respect of desoxycorticosterone, it will be observed that 
its inhibitory- effect on human salivary amydasc is greater and that in the case of 
progesterone its inhibitory influence is superior to that of desoxycorticosterone 
acetate. On the other hand, testosterone propionate shows activity but at a greatly 
reduced level. 


Table II. 


Results showing steroid hormone injliiencc on salivary amylase activity. 


Scries. 

Initial 

normal 

amylase 

units. 

UNITS OF AMYLASE IN PRESENCE OF: 

Dc5o.'cycorticostcroi 
mg./c.c. of sta 

1 C acetate 
rch. 

Progesterone mg./c.c. of 
starch solution. 

Testostcrom; pr 
mg./c.c. of so 

Dpionate 

ution. 

1 

2 

3 

4 


1-0 

2-5 

50 

0-5 

1-0 

1.5 

1-0 

2’5 

5-0 

492 

480 

738 

702 

470 

460 

701 

667 

438 

432 

647 

615 

384 

380 

556 

525 

438 

432 

675 

639 

384 

375 

603 

576 

330 

320 

540 

513 

480 

478 

734 

688 

468 

470 

728 

688 

458 

464 

720 

640 


Summary. 

The normal amylase activity of human saliva and the inhibitory eflfects of 
desoxycorticosterone acetate, progesterone and testosterone propionate have been 
studied. The first two hormones have good inhibitory effect, while the last has a 
slight one. 
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WALTERJNNESIA AEGTPTEA, or ‘the Black Snake’, which lives in the 
Sinai desert near Suez, is extremely poisonous. The snake was named after Walter 
Innes (1923) who was the first to discover the presence of the snake in Eastern 
Egyptian desert. Many fatal attacks by this snake upon camping soldiers and 
local inhabitants have been reproted. Physiological effects of the purified toxin 
of the black snake have been recently studied by the authors. The changes 
observed in the blood picture (red cell count, total leucocyte and differential 
leucocyte counts), after injection of sublethal and lethal doses of the black snake 
toxin are similar to those which take place in conditions of hyper- and hypofunction 
of the suprarenal cortex, respectively (Mohammed and Zaki, 1956). In these 
circumstances it seemed possible that a more detailed investigajion of the effect 
of the toxin on the adrenal cortex might prove to be profitable. This has been 
done by {a) examination of fluctuation in ascorbic-acid content of the gland, and 
{b) examination of changes in number of blood eosinophils. 

The cortex of the adrenal has been shown by Szent-Gyorgyi (1928) to contain 
relatively large stores of ascorbic acid. The significance of the ascorbic-acid 
content has remained uncertain, but recent work has suggested that it is associated 
with or related to secretion of cortical hormones. It has been shown that the 
ascorbic-acid content of the adrenal is considerably reduced under the influence 
of low temperature (Sayers and Sayers, 1945), heat (Sayers and Sayers, 1947) and 
scalding (Ludwing and Chanutin, 1947). Sayers et al. (1946) showed that deple¬ 
tion of the adrenal content of ascorbic acid, when an animal is subjected to stress 
could be produced by injections of anterior pituitary ACTH. In conjunction with 
the evidence of previous authors, this suggests that depletion of the adrenal content 
of ascorbic acid is an indication of increased output of cortical hormones. It is 
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Efects of Egyptian Black Snake Toxin on Ascorbic Acid. 

evident from these facts that black snake toxin mayinduce changes in ascorbic-acid 
content of the suprarenal gland. The aim of this work is to examine the effects 
of the toxin on adrenal ascorbic-acid content, and to compare these changes with 
observed alterations in blood eosinophils. 

Methods. 

A. Changes in ascorbic-acid content of suprarenal gland. —Extraction of the glands 
was done by the method described by Nasmyth (1950). Ascorbic-acid content 
of each extract was then estimated by the method described by Barakat, Fathy 
and El-Sadr (1955). For purposes of comparison, each value was calculated in 
terms of mg. ascorbic acid/100 g. gland tissue. The toxin used was prepared in 
purified form according to the method described by Mohammed and Zaki {loc. cit.) 
The toxin solutions in 0*9 per cent saline were freshly prepared for each day’s 
experiments to avoid possible changes in properties on standing. The dissolved 
toxin was injected subcutaneously in the hind dorsal quadrant above the left 
thigh to come as close as possible to natural conditions of snake bite in man, which, 
in the majority of accidents, are inflicted in subcutaneous tissue layers. The toxin 
solutions were prepared at a ratio such that the total volume injected in each 
rat did not exceed one-half c.c. Albino rats of body-weight 150 g. to 200 g. were 
injected with sublethal dose (0-02 mg./lOO g. BW) or lethal dose (0*05 mg./lOO g. 
BW), killed at measured intervals and ascorbic-acid content of suprarenal gland 
was determined. In each experiment 5 rats received toxin by subcutaneous 
injection and 3 rats acted as controls. Each control was injected with 0*5 c.c. 
saline. The high dose levels of toxin were lethal after F5 hours; adrenal glands 
were removed before death for assay. 

B. Changes in circulating eosinophils. —^Blood eosinophil counts were carried out 
according to the Pilot (1950) method. Number of eosinophils was determined by 
counting total number present in the entire field of both sides of haemocytometer. 
Three control counts were made on each animal prior to treatment. 

Results. 

A. Changes in ascorbic-acid content. —In control experiments the normal 
content of the suprarenal cortex varied between 285 and 373 mg./iOO g. gland 
(30 rats). The changes obtained after injection of toxin are given in the Table. 

The sublethal dose caused diminution of the ascorbic-acid content of the 
adrenal gland. The maximal effect was attained 4 hours after injection of the 
toxin. 

Examination of data on the action of lethal doses, revealed that the effects 
were not similar in all rats; in half of the rats (group I) there were no significant 
changes in ascorbic-acid content of the glands, whereas in others (group II), a 
slight preliminary reduction of ascorbic acid was followed by gradual rise above 
control levels. 

B. Changes in blood eosinophils. —^The results of typical experiments are shown 
in Table I. It is clear that the lethal dose of black snake toxin caused a mmkc 
increase in number of eosinophils. The sublethal dose caused an opposite el cc . 
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gradual fall in number of circulating eosinophils until 6 to 10 hours after injection 
of the toxin, when the number began to recover to normal levels. In other 
experiments, lethal doses of toxin did not produce an cosinophilia in adrenalecto- 
mized rats. 


Table. 

EJfccl of sublclltal and lethal doses of snake toxin on adrenal ascorbic acid content 
and on blood cosinojdiil levels of the rat. 


1 

Number of | 

'I'ime 

Adrenal 

ascorbic I 

Blood 

! 

.animals. 

interval. 

acid. 

eosinophils. 

j 


Hour. 

Mg./lOOg. BW 

Aver, number/ 

Controls 

30 


325±13* 

field 8 (3 rats) 


5 

1 

205 ±42 

5 

Sublcthnl dose of toxin 

5 

2 

112±53 

3 

(0 02 mg./ 100 g. mv) 

5 

•1 

10G±27 

2 


5 

6 

189r 

t4G 

5 




Group I. 

Group II. 1 

1 


Lethal dose ot toxin 

5 

0-5 

310±26 

212±37 1 

8 

(0'05 mg./100 g. BtV) 

5 

1 

299±32 

382±51 

17 

1 

5 

1-5 

342 ±37 

455+55 

22 

1 


* Mean ± standard error. 


Discussion. 

The sublethal dose of the toxin caused a significant depletion of adrenal 
ascorbic acid. The same dose of toxin also caused a gradual fall in number of 
circulating eosinophils. Abraham (1950) observed a correlation between degree 
of eosinopenia and depiction of adrenal ascorbic acid in conditions in which the 
animal was exposed to various agents which stimulated secretion of adrenocortical 
hormones. In accordance with the concept of the general adaptation syndrome, 
it has been postulated that an increased secretion of adrenocortical steroids occurred 
when an animal was placed under prolonged exposure to stress. Injection of the 
sublethal dose of toxin may be a type of such stress. The lethal dose caused variable 
effects. In some cases, no significant change in adrenal content of ascorbic acid 
was observed, yet in others there was an increase. The lethal dose, however, 
caused a marked cosinophilia. This was not, however, associated with a marked 
change in ascorbic-acid content of the adrenal glands of all rats. Increase in 
ascorbic-acid content of adrenals obtained in some experiments, therefore cannot 
be considered as clear evidence of inhibition of the adrenal cortex. On the other 
hand, the marked cosinophilia obtained provides evidence suggestive of such an 
effect. It should be noted, moreover, that lethal doses of the toxin did not produce 
cosinophilia in adrenalectomized rats. Schwarz (1914), working on the nature 
and fate of eosinophil leucocytes, proposed the existence of endocrine stimuli for 
the regulation of their number in circulating blood. His suggestion was that 
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‘ diminished function of the adrenal glands should result in an increase, and hyper¬ 
activity in a decrease, of blood eosinophils This claim received corroboration 
from Abraham {loc. ciL)^ Abou-El-Naga and Saleh (1955), and Reinhardt and 
Shrewsbury (1955), among others, from the observation that adrenalectomy 
resulted in increase in number of circulating eosinophils. 

Summary. 


1. A sublethal dose of Egyptian black snake toxin caused a marked eosino- 
penia, together with depletion of adrenal ascorbic acid in rats. Both effects are 
ascribed to hyper-activity of the suprarenal cortex, the toxin acting as a type of 
stress. 

2. Injection of a lethal dose of toxin was associated with a significant 
eosinophilia, yet in most experiments there was no change or a slight increase in 
ascorbic-acid content of the adrenals. The eosinophilia obtained is interpreted as 
suggesting inhibition of the adrenal cortex. 
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BLOOD GLUTATHIONE LEVELS IN THE DIABETIC. 
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Blood glutathione levels arc reported to be low in untreated Diabetes mellitus 
(Jizuka el al, 1928; Kitamura, 1929; Varela et al, 1930; Arnovljevitch, 1931; 
Labbe and Ncpvcaux, 1931; Bowman, 1934; Binkley el al., 1950; and Illing et al., 
1951). Others, however, have reported normal values in this condition (Platt, 
1931; Barbaro-Forlco and Cattanco, 1935; Dogliotti and Meloni, 1935; Stock 
et al., 1950; and Illing et al., loc. ci(.). Ralli et al. (1955) reported that although the 
difference in the -SH levels between the normal and the diabetic was not great, 
the median was lower in the diabetic subjects than in the normal. Lazarow (1949) 
put forth the hypothesis that lowered or insufficient concentration of a critical 
enzyme or co-enzyme (possibly GSH), or lowered or insufficient amounts of 
protective substance (again possibly GSH), or the inability or diminished ability 
to detoxify diabetogenic products [of perhaps an altered purine metabolism), increases 
the susceptibility of the beta-cells of the islets of Langerhans of the pancreas to the 
toxic action of these substances. Gonn, Louis and Wheeler (1948) and Conn, 
Louis and Johnston (1949) noted a fall in blood GSH during adrenocorticotrophic 
hormone (AGTH) induced hyperglycemia. Shiv Kumar and Lai (1953) reported 
a lowering of blood GSH with a concomitant elevation of blood sugar in rats and 
rabbits under various experimental conditions. Hess, Kyle and Doolan (1951) 
noted this observation in man; but Sprague et al. (1950) did not observe any such 
change. According to Ogilvie (1952), susceptibility to the diabetogenic action 
of alloxan is inversely related to the sulphydryl content of the body. The present 
study was undertaken to determine whether or not the blood glutathione levels 
are altered in Diabetes mellitus. Twenty six cases of Diabetes mellitus were studied 
and for purposes of comparison 94 normal, healthy adults were studied to serve as 
controls. Observations reported here suggest that the decreased concentration 


GSH—reduced glutathione; GSSG—oxidized glutathione; Total—GSH-f GSSG. 
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Blood Glutathione Levels m the Diabetic. 

of GSH appears to be related to the presence of Diabetes inellitus and as compared 
to the controls, the values for GSH and total glutathione were appreciably lower in 
the diabetics. 


Material anb methods. 

_ Ninety-four apparently healthy adults from the staff and students of the 
Medical College, Amritsar, served as controls. 

Twenty-six diabetics included in this study were cases admitted to the V. J. 
Hospital, Amritsar. The diagnosis in each case was confirmed by glucose tolerance 
studies. Blood glutathione and sugar values were detemined in all normals and 
diabetics. 

Procedure .—All blood samples were collected during 8 and 9 a.m., under 
basal conditions, during the post-absorptive phase, after half-an-hour’s rest in the 
Laboratory in order to eliminate physiological or diurnal variations, if any. About 
10 c.c. of blood were drawn from one of the arm veins, after a minimal stasis, 
with a clean, dry, all-glass syringe. Exactly 9 c.c was immediately transferred to a 
test-tube containing 0-03 g. of finely powdered potassium oxalate. This provided 
sufficient filtrate for triplicate titrations for both reduced (GSH) and total 
glutathione. 

Blood sugar estimations were performed in duplicate. 

All estimations were performed immediately on collection. Blanks were run 
daily both for sugar and glutathione. 

Methods .—Blood glutathione, both reduced and total, was determined by the 
iodometric titration method of Woodward and Fry (1932), with minor modifications 
as suggested by Blyakner (1938). The average thioneine error of this method 
would be 3 mgi per 100 c.c blood. 

Oxidized glutathione was determined by the difference in the analyses for 
reduced glutathione in samples before and after reduction of oxidized glutathione 
with zinc dust (Woodward and Fry, toe. cit.). 

Blood sugar estimations were done according to the method of Hagedorn 
and Jensen (1923). 

Results. 


In the normal controls (94 subjects), the blood GSH values range between 
24-5 and 46-1 mg. per 100 c.c. blood; GSSG values range between 1-8 and 184; 
total glutathione between 28'8 and 53*7.^The ratio GSH: G-SSG ranges between 
T8 and 17'7. Blood sugar range is 70 to 100 mg. per 100 c.c blood. The statistical 

constants are presented in Table I. 

The relationship between blood sugar and blood GSH, GSSG and total 
glutathione (GSH+GSSG) was subjected to statistical treatment. The correla¬ 
tion coefiicient for GSH is —0-2155 which is significant at 5 per cent level of signi¬ 
ficance. The test brings out the conclusion that GSH bears a negative sipificant 

correlation with blood sugar iit normal pereons, JfVsHkvcl 

a high content of Wood sugar generally reflects a lower blood GSH level. 



iS". K. Lai and Shiv Kumar. 

Table I. 


4-9 


Some sMhiicd constants connected with blood sugar and glutathione in normal 

persons. 


{Xumher of observations is 94%) 


(AU vaKics arc in mg. per 100 c.c. whole blood.) 


.Sirial. 

miinbcr. 

1 

Slalistical const.ant. j 

lUood 1 
sugar. | 

GSH. ! 

! 1 

! j 

GSSG. I 

i 

] 

Total. 1 

1 

* GSH/ 
GSSG. 

I. 

Ranqc 

70-100 i 

24-5-46-1 

1-0-10-4 

i 20-0-53-7 

1-0-17-7 


M<;nn 

00-9.') 

1 33-06 ! 

7-0 • 

1 40-05 

1 6-0 

3. 

Slnnclartl tlcvialion ... 

7-77 1 

1 4-69 ! 

3-49 ! 

1 5-04 

3-33 

4. 

Staiul.ird error of mean 

o nolo j 

1 0-4035 

0-3597 

, 0-6020 

0-3433 

5. 

Cocfiicicnl of variation | 

0-94 ' 

! 14-19 

49-65 ' 

! 

14-50 

1 1 

i 

55-5 


No significant correlation, however, exists between blood sugar and blood 
GSSG or witli total glutatliionc of blood (GSH+GSSG). 

The data and statistical constants of diabetes are presented in Table II. 
The relationship between blood sugar and the different blood glutathione 
fractions was also subjected to statistical treatment and no significant correlation 
could be demonstrated in the case of the diabetics between blood sugar and blood 
GSH, or GSSG or total glutathione (GSHd-GSSG). 

Discussion, 

Our figures are in agreement with those of Woodward and Fry [loc. cii.); 
Ccresa and Gualla (1939), Caren and Game (1951), Filing ct al. [loc. cit.), and 
Shiv Kumar et al. (1954). All of them utilized the iodometric method as applied 
to sulfosalicylic acid filtrates and the relative superiority of this method to the 
others available has already been referred to (Shiv Kumar et al., loc. cit.). But, 
whereas Varela et al. [loc. cit.) and Ceresa and Gualla [loc. cit.) are of the view that 
individual variation in blood glutathione in normal, healthy conditions is relatively 
moderate, no such opinion can be expressed on the basis of the current study. 
The range, standard deviation and standard error of the mean show that even 
in a homogenous group, the variation is considerable; consequently, any deviation 
from the normal must be large if it is to be of any significance in Diabetes melUtus. 

The lower blood glutathione values observed in human diabetics by the 
authors, are in agreement with the observations of Kitamura [loc. cit.), Varela et al. 
[loc. cit.), Campanacci (1930), Gampanacci and Negri (1931); Arnoljevitch 
[loc. cit.); Labbc and Nepveaux [loc. cit.). Bowman [loc. cit.), Pickard and Marsden 
(1934), Binkley et al. [loc. cit.). Others have reported normal values in diabetics 
the more recent reports being those of Garen and Game [loc. cit.); Filing et al 
[loc. cit.), and Stock et al. [loc. cit.). There is one report, that of’Paolini and 
Cucuzza (1928), which records raised blood glutathione levels in Diabetes mellitus 
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[Received for publication, March 30, 1957.] 

Introduction. 

Previous workers (Barbour, 1934; Basu and Nath, 1946; 1946a, Deuel and 
Holmes, 1921; Heilditch, 1941; Invin et al., 1936; Longworthy and Holmes, 1915; 
and Long^vorthy, 1923) have reported the absorption of fat and fatty acids and 
also the r61e of sex on the rate of such absorption. In the present investigation the 
rate of absorption of 100 g. of buffalo butter fat (ghee) which contained 14-88 g. 
weight of fatty acids in terms of stearic acid was undertaken in normal animals and 
compared with those having fatty livers induced by ethionine (Farber, Simpson, 
and Tarver, 1950; Farber, Kochweser and Popper, 1951; Jensen, Ghaikoff, and 
Tarver, 1951) and with the alloxan diabetic animals. 

. Experimental. 

For the purpose of this study about 30 adult albino rats of either sex, weighing 
approximately between 150 g. and 200 g., were used. These animals were divided 
into three groups. Group I—normal animals, group II—ethionine-administered 
female animals, and group III—diabetic animals. They were given fat-free 
standard diet* for 48 hours. 


♦ The diet had the following composition:— 

Casein ... ... 20 g. Vitamin powder ... 1 <t 

Dextrin ... ... 5 g. Sucrose ... " 69 

Salt-mixture ... ... 5 g. °' 
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Comparative Absoiplion Studies of Buffalo Butter Fat. 

The animals were then fasted for 48 hours after which buffalo butter 
fat (ghee) was administered. During the period of fasting, only water was 
allowed to these animals. Butter fat (ghee) was administered by stomach tube 
and small amount of remaining ghee in the tube was recovered in each case and 
duly allowed for in calculating exact quantity introduced into the stomach. 

The amount of ghee absorbed after 2, 4 and 6 hours was determined. At the 
end of these definite intervals, the rats were sacrificed. The intact gastro-intestinal 
tract was removed and fat remaining imabsorbed was determined by water and 
petroleum-ether extraction method according to Saxon (1952). 

Preparation of animals. 

(a) Eihionine-adminislered rats .—Animals were fasted for a period of 24 hours 
after which 50 mg. of ethionine was injected intraperitoneally in 5 such doses at 
intervals of two hours. Following this, the animals were taken up for fat absorption 
studies. '' 

{b) Alloxan diabetic rats .—^Animals of either sex weighing 150 g, to 200 g. 
were used. The animals were fasted for 48 hours at the end of which period 
they were injected intravenously with alloxan monohydrate dissolved in saline 
in a dose of 10 mg. each. Following the injections, animals were restrained from 
feeding for a period of 30 minutes after which they were given regular insulin in 
the amount of four units per day. The animals were given free access to one 
per cent saline solution. Urine examination was undertaken in all these animals 
every day and only those exhibiting diabetes were undertaken for this study. 
Invariably the animals passed about 3 to 4 per cent sugar. 

Results. 

Results obtained in different groups are represented in Tables I to III:— 

Table I. 

JVormal rats. 


Time 
in hours. 

Amount 
adminis¬ 
tered 2 c-c. 

Amount 
recovered from 
gastroint. tract. 

i 

1 

1 Amount 
absorbed. 

} 

Percentage 

abosrbed. 

Mean. 







2 

1-8340 


1-0462 


54-53 





56-50 





1-1550 



4 

1-8340 

0-6532 

1-1808 

64-32 

63-08 



0-7110 


61-92 




0-6650 


64-10 


6 


0-6300 

1-2040 

66-20 

65-83 



0-6010 

1-2330 

67-20 

_- 
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Table II. 


Ediiomm-admmslercd rats. 


Time 

in 

hours. 

Amount 

aclmitiistcrcd 

2 c.c. 

.■\mount 
recovered front 
g.t'itroint. tract. 

Ainouni 

absorbed. 

Percentage 

absorbed. 

Mean* 



1-1392 

0-393(i 

21-53 


2 

l-GStO 

I ■24-30 

0-5900 

31 -17 

27-70 



I-2950 

0-5390 

, 29-40 




I •2(570 

0-5670 

30-91 


■3 

1 -nsto 

0-9760 

0-0500 

46-00 

30-63 



1-1310 

0-7130 

30-90 




0-6532 

1•1008 

64-32 


6 


1 0-0012 

0-9520 

51-90 

55-65 



0-9016 

1 

0-9324 

50-73 



Table III, 

Diabetic rats. 


Time 

in 

hours. 

Amount 
administered 
i 2 c.c. 

Amount 
recovered from 
gastroint. tract. 

1 Amount 

1 absorbed. 

I 

' Percentage 1 
1 absorbed. j 

1 

1 AJean. 

1 



1-5158 

! 0-3182 

17-26 1 


2 

' 1-8340 ! 

1-5636 

0-2704 

14-73 1 

1 17-48 


! 

1■3590 

0-4750 j 

19-57 j 

1 

1 



j 0-8376 1 

0-9964 i 

54-35 ’ 


4 , 

1-0340 

1 0-9550 1 

0-8770 j 

47-92 ! 

51-39 



1 0-8812 

0'9528 

51-90 




0-7010 

1-1330 

61-77 i 


6 

1-0340 

0-7440 

; 1-0900 

55-00 j 

58-84 



) 0-7390 

1 

j 1-0950 

1 

59-75 

1 



Discussion. 

Higher percentage of fat absorption was observed with buffalo butter fat 
(ghee) in the present studies specially for 2 and 4 hours absoprtion when compared 
to the values of Basu and Nath [las. sit.) who used cow butter fat. Similar results 
were observed even when the values were reduced on the basis of 100 g. body-weight. 

Percentage absorption of buffalo butter fat was reduced in ethionine-adminis- 
tered rats having markedly fatty livers and in diabetic animals. This was quite 
marked for two and four hours periods. This points out how the optimum rate 
of absorption in the normals can be affected under different metabolic conditions. 
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EFFECT OF ‘NADISAN’ ON THE COURSE OF ALLOXAN 
DIABETES IN RATS AND RABBITS. 

BY 
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U. N. DE, 
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{From ilic Central Drug Research Institute, Lucknow.) 

[ Received for publication, February 18, 1957. ] 

Introduction. 

PuECH AND Loubatieres (1947) obsciYcd that sulphurous water caused 
improvement in allo.xan diabetic rabbits. Houssay (1950) in a review article 
reported that administration of sulphur compounds which increase tissue gluta¬ 
thione either prevent or delay the onset of different types of experimental diabetes. 
Blood sugar lowering effect of several compounds of the nature of sulphonamide 
has been observed by Ruiz el al. (1930), Janbon el al. (1942), Loubatieres (1944, 
1944fl, 1946) La Barre and Reuse (1947). and Chen el al. (1946). Recently, a 
sulphonamide compound (Nadisan, BZ. 55) discovered in Germany has been 
claimed to be effective in bringing down blood sugar when administered orally. 
Findings on the trial of this new drug in clinical and experimental diabetes have 
been published by many workers (Franke and Fuchs, 1955; Bertram el al., 1955; 
Achelis and Hardebeck, 1955; Mirsky el al., 1955; Miller and Dulin, 1956; 
Bastenie, 1956; and Young, 1956). Therefore, to study the effect of this new 
sulphonamide compound ‘ Nadisan on the incidence and course of alloxan 
diabetes in rats and rabbits, the following experiment has been carried out. 

Materials and methods. 

Healthy adult rats and rabbits of G.D.R.I. colony were used for our experi¬ 
ment. The animals were kept under observation on stock diet for a period of one 
week and their fasting (24 hours) blood sugar examined before starting experiment. 
One batch of 36 rats weighing approximately 130±T2 g. was divided into six 
groups of six rats each. Groups I, 11 and III rats were fasted for 18 hours. 
Nadisan suspended in water was forced-fed in a single dose of 0-25 g./kg. to each of 
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Alloxan Diabetes in Rais and Rabbits. 


group I, 0-5 g./kg. to cacli of gi'oup II and 1 g./kg. to each of group III. Two 
hours after Nadisan feeding all the animals of llic above three groups (still without 
food) received subcutaneous injection of alloxan monohydratc in 1 per cent solution 
in the dose of. 175 mg./kg. each, Nadisan w'as fed to groups IV and V animals 
in a dose of 0-5 mg./kg. t^vicc daily for three and six days, respectively. On the 
third and sixth day these rats (groups IV and V) were kept without food for 18 
hours (but Nadisan was fed) and tw'o hours after the last Nadisan feeding they w^ere 
injected with alloxan monohydratc in the same dose and concentration as above. 
Group VI animals received subcutaneous injection of alloxan monohydratc only in 
the same dose and concentration and under similar fasting condition as above. 
These animals (group VI) served as alloxan diabetic control. Blood sugar (12 
hours^ fasting) of all the above six groups of animals was estimated and their urine 
examined for sugar 48 hours after alloxan administration. 

Another batch of 72 rats of average w'cight of 150 i 7 g. received subcutaneous 
injection of alloxan in 18 hours fasting condition in the dose of 175 mg./kg., in 
1 per cent solution. Several (38) of these animals died within seven days of alloxan 
administration in spite of foi'ccd feeding and soluble insulin treatment. Fasting 
(24 hours) blood sugar of the surviving 42 rats ^vas determined on the seventh 
day after alloxan administration and the animals Avith hyperglycemia above 300 mg. 
per cent were divided into three groups—groups VII, VIII and IX consisting of 
15, 15 and 12 animals, respectively. Nadisan feeding in dose of 0*5 mg./kg. daily 
was started to group VII rats after seven days of alloxan diabetes (acute stage of 
diabetes) and to group VIII rats after two months of alloxan diabetes (chronic 
stage of diabetes), 5 of the group VIII animals died during 2 months of alloxan 
diabetes. To both the groups Nadisan feeding was continued for 8 weeks. 
Group IX animals received no Nadisan and served as untreated diabetic control. 
Occasional insulin treatment (4 units per rat per day) was continued to group VIII 
animals to keep them survive for 2 months prior to Nadisan feeding. Animals 
were kept without food and insulin for’12 hours previous to every blood sugar 
estimation. Blood sugar was determined and weight w'as taken once ever>^ week 
of all the animals during experimental period. 

Six rabbits weighing between 1-8 kg. and 2-2 kg. were fasted for 12 hours 
and were, given intravenous injection of alloxan monohydrate in the dose of 
175 mg./kg. in 1 per cent solution. To pass off the critical period the animals W'ere 
treated with 20 units of clear insulin daily in two dosage for seven days. Animals 
were kept without food and insulin for 12 hours before their blood-sugar determina¬ 
tion on the eighth day. Hyperglycemia in all the six animals was over 400 mg. 
per cent. Nadisan feeding in the dose of 0*5 g./day/rabbit w'as started to three 
of the animals from eighth day after alloxan diabetes (acute stage of diabetes) 
and to the other three from fourth month after induction of alloxan diabetes 
(chronic stage of diabetes). Nadisan feeding was continued daily for four weeks 
to all the six animals. Clear insulin 8 units/rabbit/day was administered occasion¬ 
ally to the latter three rabbits to keep them survive during 4 months prior to 
Nadisan feeding. Theif blood sugar (without food and insulin for 12 hours), was 
determined and body-weight noted once every week during observation 
period. Blood-sugar estimation was carried out according to Folin and Wu s 
micro-method. 
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■A - • ^ MPT/c/tertviTY f I iMDexoFviee/tATfPft 

T-, V - - ac/pIty mucin 


Fig. 4. Index of ulceration and mean values of gastric contents Gr. I. water alone, Gr. II. • 
water and phenergan, Gr. III. water and capsicum, Gr. IV. water, phenergan 
and histamine and Gr. V. water, capsicum, phenergan and histamine. 



Fig. 5a, b. Normal gastric mucosa shows strongly PAS positive mucin 
in the mucous cells (Fig. 5a) which contrasts with practi¬ 
cally negative mucin after capsicum stimulation (Fig. 5b) 
X70. 


psPT/c ACTiv/rr Tmett uwt) . 
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PL..TE VIII. 


'j t-V.- 


Fig. 5. Is from a section of the lymph 
nodes of a rat from the low 
protein (5 per cent) group show¬ 
ing collection of epithelioid tuber¬ 
cles with little or no evidence of 
necrosis. H & E x 


Fig. 6 . Is from a section of the lymph 
node of a rat from the high pro¬ 
tein (18 per cent) group showing 
a large epithelioid tubercle with 
tiny foci of necrosis. H & E X 






Fig. V. Is from a section of the lymph node 
of a rat from the high protein 
calorie restricted group showing a 
large epithelioid tubercle—with, 
central necrosis.-'H & E X 


Fig. 8. Is from a section of the lymph 
node of a rat from the high 
protein vitamin A deficient group 
showing an epithelioid tubercle 
with the dark area in the centre 
representing a large tuft of tubercle 
bacilli. H & E X 
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Plate VI 



Fig. 1. 
Fig. 2. 

Fig. 3. 

Fig. 4. 


Island of Langerhans of a normal rat x470. 

Island of Langerhans of an untreated diabetic control rat x 470 

No j5 cells outline is seen. The cytoplasm of the remnnrl^ic o ,1 . 
degranulated. Shadows of few shrunken and irregularly placed nuckf'^c ^ 'h 

Island of Langerhans of a Nadisan-treated rat (acute staiTP ^ 

5 cells are hardly seen anywhere in the S >>470. 

suggesting complete necrosis of the jS cells is present. ^ staining remnant 

Islands of Langerhans of Nadisan-treated rat fchrnniV . v 

Only atew necrosed B cells are foundTn the centre ^ rr 

in the peripheral zone a strip of coarsely granular island, However, 

stained violet) with centrally placed nuclei are seep, (Sf^nules of cells aie 


cells aie 

(J*’ ' 
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Pancreas of (he rats at death during experiment and 8 weeks after Nadisan 
feeding svas collected and the. islands of Langcriians were studied by Gomoris 
(1939) chroine-alum-hematoxylin-phloxin technique as well as by routine 
heinatoxylineoslin procedure. 


Table I. 

KJffct of Xadhau feeding in single dose and in repeated doses prior to alloxan 
administration on the incidenee of alloxan diabetes in rats. 


Groiij) .nncl miiiilo'i j 
or.'iniinrib. 

Dosr anti tliiralion of 
Xatli'an rrrtlini;. 

1 

Dose of 

alloxan 

iiyeeled, 

•S. c. 

Blood sugar 
mean average 
in mg. per cent 
■18 liours after 
alloxan 
injection. 

Urine sugar 
48hours after 
alloxan 
injection. 

Number 

of 

animals 
' diabetic. 

Orniifi 1. \ 

C .^nin^.^l' 

0 '2.') R./kg. single tiose 

i 

175 mg./fcg. 

■128^22 

+ + + + 

C/G 

Grauf/ //, 

G nnimnls 

j ! 

i 0-5 g./kg. single tlosr 

iy 

G50i-50 

+ + + + 

6/6 

Ciiiiiji III. 
r« .nnim.Tl.<i 

1 I •() g./kg. single tlnse 

yy 

527±41 

+ + + + 

6/6 

Groiili II'. 
Ganini.nis 

0-5 g./k.g. twice daily 

yy 

490±10 

+ + + + 

6/6 

Group y. 

G .anirn.nis j 

for 3 days 

0-5 g./kg. twice daily 


1 

* 525i:45 

+ + + + 

6/6 

Group PI. j 

6 animals 

for G days 

j No Nadisan feeding 

yy 

575±24 

•f + + + 

6/6 


+ + + + Urine siig.nr above 2 per cent. 


The above results (Table I) of blood sugar and urine sugar examined 48 
hours after alloxan administration show that all the six groups of rats are in a 
severe state of diabetes. Hyperglycemia and glycosuria in both the Nadisan 
treated and untreated rats are of the same magnitude. 

Results given in Table II show that the blood sugar in the two groups of 
rats which were fed Nadisan daily for eight weeks remain almost to the same high 
level throughout the period as in the untreated diabetic rats. Practically, no 
dilTerence in the diabetic condition, hyperglycemia, glycosuria and progressive* loss 
of body-weight, was noticeable in any of the three groups of rats. The result 
further show that Nadisan feeding started either after seven days or after two 
months of alloxan diabetes does not modify in any way the diabetic condition 
in the animal. 

Results in Table III show that there is no tendency of the blood sugar in 
six rabbits to come down from the pre-treatment (diabetic) level either during or 
after Nadisan feeding. Presence of marked glycosuria and progressive loss of bodv- 
weight is also noticeable in all these animals, . ... ^ 
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Table II. 


Number 

of 

animals. 

1 

Blood sugar jn mg. per 100 c.c.: 

Total loss of 
• weight in g. at the 
end of 
observation 
period. 


1 On 7th day after 

J alloxan. 

1 

Mean average during 
and at the end of 8 
weeks of Nadisan 
feeding. 


I 

560 i 

500±20 

20 


2 

420 

390i30 

19 


3 

400 

535±15 ' 

52 

Died during exper. 

4 

310 

4I2i41 

1 52 

mental period. 

5 

320 

400i43 

I* 32 


6 

360 1 

325±25 

\ 74 

1 

7 

1 470 1 

530±53 

1 39 


8 

420 ' 

275i50 ' 

40 


9 ' 

435 

385i22 

25 


10 

360 

395±25 

28 


11 

370 

403f164 

19 


12 

400 

402±57 

30 


13 

375 

315±50 

51 


14 

385 

495±45 

13 ' 


15 

330 

420^55 

22 ' 


Group Vm 

1 

1 

On 58 days after 
alloxan. 

480 

422±25 

20 


2 

380 1 

332±41 

22 


3 

500 

585±24 

52 

Died during experi- 

4 

380 

1 

' 410i:94 

1 32 

mental period. 

5 

580 

354d:25 

26 


6 

500 

400±35 

25 


7 ! 

380 

490±57 

40 

>> >9 

8 1 

470 

551 ±42 

24 


9 

400 

332±41 

32 


10 

390 

1 

300±42 

29 



GrouplX. .... 

12 animals Mean average of blood sugar and loss of body-weight in 12 untreated diabetic 


rats during observation period- 


476±44 


27i7 


5 animals died 
during experi¬ 
mental period. 


Discussion. . 

It is evident from results in Table I that Nadisan in a single dose or in 
repeated doses fed prior to alloxan administration does not prevent the diabetogenic 
action of alloxan in rats. Intensity of hyperglycemia and glycosuria in the 
Nadisan-fed groups of rats are of the same magnitude as in the untreated alloxa- 
nized rats. Our observations further show that continuous Nadisan feeding in 
acute and chronic alloxan diabetic rats and rabbits does not in any way ameliorate 
their diabetic condition. Degree of hyperglycemia and glycosuria and the 
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progressive loss of bocly-weiglit in ihc Naclisan-fcd (diabetic) animals remain more 
or less the same as prior to Nadisan feeding. From histological study of the 
pancreas (Plate VI, figs. 2, 3 and 4) it is evident that the degenerative character 
of the islands of Langerhans in Nadisan-fed diabetic animals docs not materially 
dificr from those of untreated groups of diabetic rats. No evidence of stimula¬ 
tion of the c.\isting cells is observed anywhere in the sections (Plate VI, figs. 3, 4). 


T/VBLe III. 

Eject of jYadisan feeding (0-5 g^kg. daily) on the course of acute and chronic 

alloxan diabetes in rabbits. 


Number 

ItLOOD SUGAR I.N UO. I’RR 100 C.C. ! 

1 1 

1 Total loss of 




wciglit at the j 

end of observa- 


.inimals. 

On 7ih dny aficr 
alloxan. 

Mean average during 



and at the end of 4 weeks 
of Nadisan feeding. 

vation period, 

e- 


Acute 

1 

33G 

420±40 

1 

250 

Died during experi¬ 
mental period. 

1 

2 

410 

470±57 

150 

3 

440 

300±50 1 

200 

1 

1 

Chronic 

On 120th day 

1 

i 



after alloxan. 




4 

400 

390±36 

180 


5 

390 

400±49 

200 


6 

420 

370±50 

290 



Achclcs and Hardebcck (1955) observed that thougJj some of their experi¬ 
mental animals responded to Nadisan feeding yet a number of animals did not 
respond to Nadisa'n feeding. Our observation tends to support only the negative 
findings of Achcles and Hardebeck. Our results appear to be in agreement with 
the recent observation of Kirtley el al. (1956) who studied the effect of sulphonamide 
(BZ55) on various species of alloxan diabetic animals (rats, rabbits and dogs) and 
of Mirsky et al. (1956) and Bender and Scholz (1956) who also studied the effect 
of another sulphonamide compound ‘ D 860 ’ in alloxan diabetic rats and dogs, 
respectively. They all observed that the sulphonamides have no effect on alloxan 
diabetes in animals. 

Loubatieres (1944, 1944^, 1946) observed that IPTD (P-aminobenzene 
sulphamido isopropyl thidiazole) administration failed to influence blood sugar in 
complete pancreatectomized animals. In partial pancreatectomized (1/8 to 1/10 
of pancreas left) animals, however, fall of blood sugar was observed after IPTD 
administration. This observation led Loubatieres to conclude that blood sugar 
lowering effect of IPTD depends on its stimulating effect on /? cells to secrete 
insulin. La Barre and Reuse [loc. cit.) showed that IPTD was effective in lowering 
the blood sugar in animals rendered diabetic by small dose of alloxan (incomplete 
necrosis of cells), but not in animals rendered diabetic by large dose of alloxan 
(complete necrosis of all p cells). This observtion also supports the above view 
of Loubatieres. 
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Since an adequate dose of alloxan induces necrosis of j3 cells, keeping the 
structure and function of alpha cells intact, failure of Nadisan therapy in our 
experiment might be attributed to the absence of intact ^ cells (Plate VI, fig. 2) 
in alloxan diabetic rats. In other words, it can be presumed that Nadisan 
mediates its action through intact cells of the island of Langerhans. 

Our experiments further show that previous Nadisan feeding in animals cannot 
prevent the diabetogenic action of alloxan, this being probably due to inability of 
Nadisan to prevent the necrotic action of alloxan on the JB cells of the pancreas. 

Summary. 

1. Previous feeding of Nadisan to albino rats fails to prevent the diabetogenic 
action of alloxan. 

2. Long continued feeding of Nadisan cannot cause any regression in 
alloxan induced diabetes of albino rats or rabbits. Nadisan therapy is equally 
ineffective, whether instituted early or late after the induction of the disease. 


Authors’ sincere thanks are due to the Drugs Controller, Government of 
India, for making Nadisan available. It was obtained through the courtesy of 
Messrs. Neo-Pharma (Private) Ltd., Bombay. Thanks are also due to Messrs. 
S. Banetji, M. A. Hai, S. K. Dass and H. M. Ghakravarti, for their technical 
assistance. 
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The present paper is concerned with the study of tlic cfTcct of some drugs on 
the body temperature of normal and fevered rats. During the study of the 
2,3-disubstitutcd qutnazoloncs for their hypnotic activity (Gujral, Kohli and 
Saxena, 1955), marked sweating was observed in the animals receiving the 
compounds. It was, therefore, considered worthwhile to investigate their effect 
on body temperature. 

Two compounds, Q,Z-1 (2-mcthyl-3-phenyl-4-quinazolone) and Q,Z-2 
(2-methyl-3-orthotoIyl-4-quinazolonc), were selected for this study because the 
former produced maximum visible sweating and the latter showed the maximum 
hypnotic activity. Phenobarbitonc was included as a representative of the 
barbiturate group of hypnotics in order to assess the temperature lowering compo¬ 
nent attributable to the effect of hypnosis per se. The three hypnotics were used in 
equi-effective doses ND^o, that is, the doses of the drugs required to induce narcosis 
in 50 per cent animals (Gujral, Kohli and Saxena, 1956), 

For a comparative evaluation of the hypothermic and antipyretic activity of 
these compounds, a number of drugs affecting the normal and/or the fever 
temperature were included in the study, namely, chlorpromazine hydrochloride, 
acetyl salicylic acid, ACTH, cortisone acetate and desoxycorticosterone acetate.. 
The last two drugs were used separately as. well as in combination. Table I shows 
the drugs with their dose and route of administration employed. 


( 63 ) 
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Table I. 


Drug. 

Dose mg./kg. 

Route of administration. 

QZ'I 

59 

Oral 

Q.Z-2 

29 

Oral 

Phenobarbitone 

50 

Oral 

Ghlorpromazine 

2 

Subcutaneous 

Acetyl salicylic acid 

400 

Oral 

Cortisone 

20 

Oral 

Desoxycorticosterone 

5 

Intramuscular 

Gortisone+desoxycorticosterone 

20, 5' 

Oral, intramuscular 

AGTH 

10 

Intramuscular 


Method and material. 

Healthy albino rats between 150 g. and 200 g. in weight were used. They 
were divided in groups of eight, each group was used for testing one drug. The 
normal rectal temperature and its hourly variation over a period of 4 hours was 
recorded in eight groups, at the beginning of the experiment. The mean normal 
temperature was found to be 99*70° F. with a standard deviation of 1*21° F. 
(10 a.m., room temperature 68°F.). The average temperature change in these 
animals over a period of four hours was found to be -0*6i3*72°F. (10 a.m. to 
2 p.m., room temperature 68° to 72°F.). These observations indicate a wide 
variation of normal temperature in different rats and in the same rat at different 
times. 

Pyrexia was produced by injecting subcutaneously a 15 per cent suspension 
of dried Brewer’s yeast in 2 per cent acacia in normal saline. The injections were 
given at 6 p.m. and the volume injected was 1 c.c. of the suspension/IOO g. of 
body-weight. About 15 hours later the rectal temperature of each rat was taken 
and found to be fairly stabiliaed. The mean rise of temperature in eight groups 
was found to be T41°F. with a standard deviation of 0*57°F. The temperature 
change in an untreated group over a period of four hours was found to be 
0*70i0*88°F. 

Ghlorpromazine hydrochloride, AGTH and desoxycorticosterone acetate 
were employed in solutions and administered parenterally and the other drugs 
were suspended in 2 per cent gum acacia in distilled water and fed into the 
stomach through a cannula fitted to a syringe (Table I). 

Observations and results. 

The observations were started immediately after administration of the drugs.. 
They were recorded by the method used earlier in this Laboratory (Gujral et al.^ 
1955). The temperature lowering activity was assessed in terms of mean of the sum 
of the differences of hourly temperature from the initial temperature (the fever 
temperature in the case of pyretic rats) observed over a period of four hours. In 
the case of AGTH given to pyretic group of rats, it was found that the maximum 
effect was obtained during the first two hours ivhen it was greater than that of 
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acetyl salicylic acid over the same period of observ'ation. Tlie antipyretic effect 
of AGTH mentioned in this study is, therefore, an underestimation of the true 
intensity of its action. Table II summarizes the results of the t\vo sets of the 
obsen'ations. A rise of temperature over the initial temperature is indicated by 
Tplaced before the figure. 

Table II. 


Shoiving Ike hjpoihcmk and antipyretic effect of the drugs in terms of the mean 
of the sum of the differences of the hourly temperatures from the intiial 
temperatures in °F. observed over a period of four hours. Plus 
indicates a rise of the temperature over the initial temperature. Time. 

9-30 a.m. to 2-00 p.vi. Room temperature 68° to 72°F. 


< 

Apvuetjc rats: 

Pyret 

iG rats: 


Initial 

temperature. 

Mean of the 
sum of the 
differences. 

Initial 

tempera¬ 

ture. 

Mean of the 
sum of the 
differences. 

Control ... 

99-70 

0-60± 

3-72 

101-18 

+0-70+ 

0-57 

Q.Z-1 

100-55 

>19-75 

101-00 

13-35 

Q.Z-2 

100-15 

11-00 

100-75 

2-35 

Phenobarbitone 

99-83 

6-50 

101-35 

2-38 

Chtorpromar.inc 

Acetyl salicylic .acid ... 

99-60 

9-91 

101-20 

3-80 

100-63 

5-50 

101-18 

11-70 

ACTH ... 

99-30 

2-45 

101-35 

7-53 

Cortisone ... 

99-80 

1-00 

100-75 

1-93 

Desoxycorticosterone ... 

98-70 

+ 0-31 

101-58 

0-75 

Cortisone+desoxycorticosterone ... 

99-90 

0-65 

101-83 

2-43 


Discussion. 

The hypothermic effect. —A perusal of Table II shows Q,Z-1, Q,Z-2 and chlor- 
promazine to have a marked hypothermic effect. Considering the wide variation 
in the normal temperature over a period of four hours (—0-6±3'72°F.), the 
effect of phenobarbitone and acetyl salicylic acid on normal temperature appeared 
to be slight. ACTH and the adrenal cortical hormones caused no significant 
change in temperature in the normal rats. 

The antipyretic effect. —Q,Z-1 and acetyl salicylic acid produced a marked fall 
in fever temperature (Table II). Next in order of potency was AGTH. Ghlor- 
promazine, combination of cortisone and desoxycorticosterone, phenobarbitone 
and Q,Z-2 produced only a slight fall and cortisone and desoxycorticosterone a 
negligible fall in fever temperature. 

On the basis of their effects the drugs can be classified under two groups_ 

those having a greater antipyretic effect and those having a greater hypothermic 
effect. It was observed (Table II) that acetyl salicylic acid and ACTH had a 
greater antipyretic than hypothermic effect. A similar tendency to lower the 
fever temperature more than the normal temperature was seen when ^ combination 
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of cortisone and desoxycorticosterone was used and to a lesser extent when .these 
hormones were used separately. The effect of ACTH was more marked than 
the' effect of the adrenal cortical hormones used in combination or separately. 
The different routes of administration employed with the two drugs (Table I) 
or an inequality in doses might be a contributary factor to this difference. The 
antipyretic effect of ACTH was quick in onset and of shorter duration when 
compared with that of acetyl salicylic acid. It was maximum during the first 
two hours and at this time it was greater than that of acetyl salicylic acid. 

The observation that ACTH and adrenal cortical hormones lower the 
body temperature only in fever is in agreement with the observations of Seyle 
(1949) and Atkins et ai. (1955) who suggested the suppression of the tissue reaction 
causing rise of temperature to be the probable mode of their antipyretic action. 
A similar mechanism of action is partly responsible for the observed greater 
antipyretic effect of acetyl salicylic acid through its capacity of stimulating the 
secretion of adrenal cortical hormones (Naoch ei oL, 1956). 

The fact that the hypothermic effect of 0.2-1, Q,Z-2 and chlorpromaaine was 
greater than their antipyretic effect shows that the mechanism by which these 
drugs act might be different from that of acetyl salicylic acid, ACTH and the 
corticoids. The same may hold true for phenobarbitone which resembled the former 
drugs in the pattern of its action (Table II). The temperature lowering effect 
does not appear to be related to the hypnotic effect as Q.Z-1 lowered the temperatm'e 
to a greater extent than Q,Z-2 and phenobarbitone although as far as their hypnotic 
effect is concerned, the three drugs were employed in equi-effective doses. The 
possible mechanisms by which chlorpromazine facilitates the reduction in body 
temperature have been described by several investigators (Courvoisier et al., 
1953; Dobkin et al.^ 1954; Dundee, 1954; Decourt, 1953; Decourt, Gastel and 
Grenat, 1954). The 2, 3-disubstituted quinazolones have not been fully studied 
but on the basis of reports they appear to differ from chlorpromazine in that they 
are more potent hypnotic (Gujral, Saxena and Khanna, 1956) and are devoid of 
analgesic effect (Gujral, Kohli and Saxena, loc, cit,]. It appears that the apparpt 
similarity in their hypothermic and antipyretic efect to that of chlorpromazine 
may only partly be due to some similarity in the mechanism of their action. 

The present study shows that Q,Z-1 possesses a powerful temperature lowering 
effect which is more marked on the normal than on fever temperature. The type 
of effect is similar to that of chlorpromazine and it will be interesting to investigate 
if ^Z-1 can be employed with greater safety than chlorpromazine for producing 
hypothermia for therapeutic purposes. 


Summary. 

The effect of t\vo 2, 3-disubstitutcd quinazolones, 2-methyl-3-phcny]-4- 
quinazolone (Q.Z-1) and 2-methyl-3-orthotolyl-4-qumazolone (QZ-2) on the rectal 
temperature of normal and fevered rats has been studied and comparatiyciy 
evaluated with that of phenobarbitone, chlorpromazine, acetyl salicylic acid, 
ACTH, cortisone, desoxycorticosterone and combination of cortisone and 

desoxycorticosterone. 
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The quinazoloncs showed a greater hypothermic than antipyretic effect 
and their temperature lowering effect appeared to be not related to their hypnotic 
effect. 

The effect of Q,Z-1 and Q,Z-2 on body temperature in normal and fevered 
rats resembled that of chlorpromazinc hydrochloride. An investigation of QZ-1, 
the more potent of the two quinazoloncs, with a view to its possible use for producing 
therapeutic hypothermia has been suggested. 
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Glucose has long been known to occur in the body also in combination with 
other substances, such as proteins (Best and Taylor, 1950) and lipids (Hawk, 
Oser and Summerson, 1947). West (1927) succeeded in condensing glucose with 
ethyl aceto-acetatc to give rise to a product whose structural formula has been 
shown by Gonzalez and Aparicio (1946) to be 2-tetrahydroxy butyl 5-methyl 
4-carbethoxy furan (I). 

H C — G.GOOET 
II II 

G G-GH 3 

1 ^ 0 / 

HO-G-H 

1 

H-C-OH 

H-i-OH 

(in^oH 

(I) 

It was postulated by Nath (1947) that the gradual accumulation of ketone 
bodies might be respnosible for the onset of hyperglycemia and the rise in blood 
sugar might be caused not only through its overproduction or non-utilization but 
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also as a result of physiological response to combine, in a natural course, with some 
toxic metabolites in the system. Best and Taylor (1950a) have also supported 
this hypothesis and have shown how such combination may be considered as a 
protective mechanism against the excess accumulation of fat metabolites in the 
animal system. 

Nath and Sahu (1956) observed that glucose reacts specifically with aceto- 
acetate alone and not with ^G-hydroxybutyrate,. acetone or acetate, suggesting the 
existance of a definite metabolic relationship between glucose and aceto-acetate 
in the living system. This hypothesis can further be substantiated by other 
findings from this Laboratory (Nath and Sahu, 1954; Nath and Bhattathiry, 1956). 

Having thus obtained some indirect proof of a metabolic relationship between 
glucose and aceto-acetate, we looked for some direct indication of an in vivo 
combination of these compounds in normal animals and tliis forms the subject 
of the present paper. Nath and Sahu (1954) have succeeded in showing the 
presence of glucose in combination with aceto-acetate in normal urine. 


Methods and results. 


(A) It was found that the condensation product on acid hydrolysis and 
subsequent neutralization with NaHGOg gave a colour reaction with ninhydrin 
at the room temperature similar to that reported by West and Rinehart (1947) 
for dienol compounds. Blood, when de-proteinized with trichioro-acetic acid 
and hydrolyzed with 2 N HGl, was also observed to give similar colour with 
ninhydrin and NaHGOg. It was, therefore, reasonably assumed that the normal 
blood also contains some such compounds which, on hydrolysis, might give rise to 
some dienol compound or compounds which are responsible for the development 
of such a colour with ninhydrin. That the condensation product of glucose and 
aceto-acetate, which can also be called as glucose-cyclo-aceto-acetate, on hydrolysis 
gives a dienol compound different from ascorbic acid, has recently been shown in 
this Laboratory through a special paper-chromatographic technique (Nath and 
Bhattathiry, 1956fl) and it is through this technique that they could demonstrate 
the presence of a dienol glucose in the normal blood. 


Now because normal blood also contains ascorbic acid, which is a dienol 
compound, it is quite possible that its presenee will also interfere in this reaction 
and increase the intensity of colour. Attempts were, therefore, made at the outset 
to see if blood on hydrolysis is found to show greater intensity of such colour with 
ninhydrin than with non-hydrolysed blood in order to ascertain further whether 
a new dienol compound is liberated from the sample. 

(B) 2'5 c.c. of blood samples obtained from brachial veins of young normal 

men (laboratory workers), marginal ear veins of male rabbits and sacrificed rats 
(all under non-fasting conditions) were de-proteinized with an equal volume m 
10 per cent trichioro-acetic acid solution and filtered. The filtrate was then diwded 
into 2 equal parts, 0*5 c.c. of concentrated HGl was added to one part a^ an 
le of distilled water to the other which served as a blank.^ ihcse 
e then heated for nearly 15 minutes in separate test-tubes kept immersed 
,'ater. After the reaction was over, the portion containing acid was 
with NaHGOg. Ninhydrin and NaHGOg were added to both the 


equal volui 
portions we 
in boiling ^ 
neutralized 
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samples at room temperature (27°G.). The intensity of colour development was 
much more pronounced in the acid liydrolyscd sample tlian that observed in the 
unhydrolysed blank, thus indicating tlie possibility of the dienol compound other 
than ascorbic acid wliich rather gets partially destroyed during such hydrolysis. 
Further, cveiy sample of blood eitlrcr from men or animals when de- 
proleinized and subjected to acid hydrolysis was found to give an increased value of 
reducing sugar and the samples after dc-protcinization with H^SO^ and sodium 
tungstate, dc-saccharification with GuSO^ reagent and acid hydrolysis gave 
increased acetone values. The reducing sugar was estimated according to the 
mctliod of Hagedo'rn and Jensen (1923) and acetone by Behre and Benedict’s 
(1926) method. The results are given in Table I:— 

Table 


Free and combined glucose and aceto-acetate in normal blood of men and rabbits*. 



Reducing sugar mg./ 100 c.c. op 

Aceto-acetate estimated as acetone 

Source of 


blood: 


MG./lOO c.c. OF blood.-h;;- 

blood. 



I 




Before 

After — 

l-Amt;—1 

Before 

i After 

-Affir.'- 



hydrolysis. 

hydrolysis. 

liberated. 

hydrolysis. 

hydrolysis. 

liberated. 

Men 

109±I-9 

185±2-8 

76 

0-45±0-08 

l-25±0-08 

0-8 

Rabbits 

107±3-4 

180±3-1 

73 

2-5 ±0-33 

5-5 ±0-45 

3-0 

Rats 

95±l-5 

I55±2-l 

60 

0-9 ±1-9 

2-5 ±0-25 

1-6 


•Each value is the average of 5 samples of normal blood. 


It was also noticed that a much greater increase in acetone value could be 
obtained if the acid hydrolysis was carried out at higher normalities of HGl. But 
such acid concentrations cannot be used for determination of glucose liberated as 
it gets decomposed under such conditions. That p-hydroxybutyric acid which 
might occur in the sample did not split off any acetone during the above acid 
hydrolysis, was also seen by carrying out actual acetone estimations with known 
amounts of ; 8 -hydroxybutyrate (Na salt) hydrolysed at different normalities of acid 
(HGl). 

Next attempt was to see if some direct indication for the occurrence of glucose 
combined with aceto-acetate could be available by some chromatographic 
technique. 

(C) Nath and Sahu (1954a) reported that the condensation product (Na 
salt) gives an orange red colour with 10 per cent FeClg solution. This is quite 
distinct from the slightly deep brown colour given by aceto-acetate. Glucose does 
not show any colour with this reagent. This colour reaction was positive with 
deproteinized blood. The deproteinized blood sample was concentrated on the 
water bath, neutralized with Na HGO 3 and used for spotting the paper An 
aqueous solution of the Na salt of the condensation product of glucose and aceto 
acetate as well as aceto-acetate solution were used in the same chromatoeram to 
find their comparaPve resolution. The circular paper chromatographic method 
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of Giri and Rao {loc. cit.) was used, with the solvent mixture of butanol : acetic 
acid . water (40.10.'50 by volume). Xhe chromatogram was developed by a spray 
of 10 per cent FeClg solution and dried at room temperature, and the Rf values 
determined. The results are shown in the Figure. 


Figure. 



Showing the circular paper chromatogram of the (I) condensation product of glucose and 
aceto-acetate (CP) and (2) blood deproteinized (Bl). 

The solvent used is butanol:acetic add: water (40:10:50) and the developing reagent 
is a 10 per cent ferric chloride solution. 


Discussion. 

A careful study of the figure will indicate that the Rf value of the condensa¬ 
tion product is 0*64 which is more or less the same with blood samples, i.e. 0*64 
and 0*65, respectively, thus showing the presence of the condensation product 
of glucose and aceto-acetate in the normal blood, the indication of which was 
available from the results in the Table. 
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The present work will not only afibrd a definite clue about the source of the 
dicnol glucose in normal blood but will also establish at the same time, the in vivo 
combination of glucose mih accto-acctatc in the normal system, postulated by 
Nath (kc. cH.) about ten years ago. 

Summary. 

1. Hydrolysis of dc-protcinized blood has been found to liberate a reducing 
sugar and accto-acctatc similar to that observed with the condensation product of 
glucose and accto-acctatc. 

2. The presence of this condensation product has been identified In the 
normal blood by a chromatographic technique. 

3. The Rf value of the condensation product in such chromatogram has 
been found to be 0-64. 

4. A clue regarding the source of 1: 2 dienol glucose in normal blood has 
been suggested. 


The authors arc thankful to the Ministry of Education, Government of 
India, for the a^vard of a Senior Research Training Scholarship to one of the 
authors (R.M.B.). 
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ANTIBIOTIC PRINCIPLE 'PKOUMORIMGA PTERTGOSPERMA. 

Part IX. 

INHIBmON OF TRANSAMINASE BY ISOTHIOGYANATES. 

BY 

B. R. DAS, 


AND 

P. L. NARASIMHA RAO. 

(From the Department of Biochemistry, Indian Institute of Science, Bangalore-3.) 
[Received for publication, April 2, 1957.] 

The possible correlation of the antimicrobial activity of pterygospermin with 
inhibition of action of the enzyme, transaminase, catalysing the system glutamic 
acid ^ alanine by benzylisothiocyanate (B.I.T.), one of the fission products of 

pterygospermin, has now been investigated along with two other representative 
isothiocyanates, viz., isobutyl (I.I.T.) and allyl (A.I.T.) isothiocyanates, which are 
known to occur in nature. 


Experimental. 

One per cent alcoholic solutions of isothiocyanates (Das et al., 1957) were 
diluted to required concentrations with Sorenson phosphate buffer (M/15) 
pH 7-0. 

The readily available green gram enzyme ( Giri et al, 1952 ) was used. 
Composition of reaction mixtures and the measurement of transaminase activity 
have been previously described (Kurup et al., 1954). 

Results. 

The effect of varying concentration of B.I.T., I.I.T. and A.I.T. on the 
system, glutamic acid + pyruvic acid ^ alanine + o<-ketoglutaric acid, is given 
in Table. 


C 75 ) 



76 


Antibiotic piiticiple Jtom Kd^oringa Pterygospefma. 


Table 

A. Effect of B.LTs, I.LT. and AJ.T. on the system glutamic acid 4 - pyruvic 
acid alanine -f -ketoglutaric acid. 


Substance. 

Cone. Bg.jc.c. 
(micromoles). 

Percentage inhibition after: 

2 hours. 

j 4 hours. 

6 hours. 

r ^ 

6-25 (0-042) 

35-7 

56-7 

4-1 

B.I.T. 4 

12-5 (0-084) 

48-4 

24-2 

10-2 

1 ! 

25-0 (0-168) 

60-3 

43-5 

30-6 

l ; 

50-0 (0-336) 

74-6 

56-1 

40-8 

f 

12-5 (0-109) i 

7-7 

1-9 i 

1-3 

I.I.T. 4 i 

25-0 (0-218) 

22-0 

2-0 

1-3 

1 

1 50-0 (0-435) 

1 38-5 

1 ■ 11-6 

5-1 

1 

100-0 (0-870) 

! 44-0 

1 17-4 

lO-I 

f 

25-0 (0-252) 

32-0 

15:5 

10-8 

A.I.T. 7 

50-0 (0-505) 

39-5 

27-6 

17-3 

1 

IDO-0 (1-01) 

54-7 

37-9 

32-6 


B. Effect off B.l. T. on the sj>slm 


Alanine-f c< -ketoglutaric acid ->• glutamic acid-t- pyruvic acid. 


i 

Gone, f^g.jc.c. (micromoles). 

j Precentage inhibition after: 

2 hours. 

4 hours. 

6 hours. 

6-25 

(0-042) 

41-8 i 

23-1 

12-1 

12-5 

(0-084) 

: 55-4 i 

30-2 

16-8 

25-0 

(0-168) 

; 67-6 1 

51-5 

37-7 

50-0 

(0-336) 

80-3 i 

61-6 

46-8 


The degree of inhibition by the three isothiocyanates rises with the increase 
in their concentrations but falls off with the duration of incubation. 


Discussion. 

The three isothiocyanates, viz., I.I.T. and AJ.T, inhibit the activity 

of the green gram transaminase catalysing the reaction glutamic acid -}- pyruvic 
acid alanine -f o< -ketoglutaric acid in varying degrees, but B.I.T. is more 
potent in inhibiting this as w’ell as the reverse system, viz., alanine -f- o< -ketoglutaric 
acid -> glutamic acid 4 - pyruvic acid. Moreover, the extent of inhibition which 
falls off gradually with time increases with the increase in concentration of 
isothiocyanates which may be due to their slow inactivation, _ Further, there 
appears to be a rough correspondence between the activity of isothiocyantes in 
this respect with their anti-staphylococcal activity (Das et at., 1957). These 
results are thus not at variance with the view previously put forth as to the activity 
of pterygospermin and its probable in vivo breakdown to benzyl-isothiocyanate 
(Das et al., 1954). 



B. R. Das and P. L. ^larasimha Rao. 
Summary. 
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Tlic effect of benzyl, isobulyl and allyl-isotliiocyanatcs on the transaminase 
catalysing the vcacuon glutamic acid -y pyruvic acid 3^ alanine -b c< -ketoglutaric 
acid has been investigated. All the three isothiocyanates inhibit the enzyme in 
var)'ing degrees, but B.I.T. is more potent in inhibiting this as well as the reverse 
system. In all eases the c.xtcnt of inhibition increases with the increase in concen¬ 
tration of isothiocyanates and falls off gradually with time. There appears to be 
a rough correspondence between the inhibition of transaminase by isothiocyanates 
and their antistaphylococcal activity. These results arc not at variance with the 
view that the activity ptcr)'gospcrmin may be due to its in vivo breakdown to 
bcnzyi-isothiocyanatc. 


The authors wish to thank Prof. K. V. Giri, Head of the Department of 
Biochemistr)’^, Indian Institute of Science, Bangalore-3, for his keen interest in 
this ■work. 
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STUDIES ON THE OPTIMUM LEVEL OF 
FAT IN THE DIET*. 

BY 

S, C. BALASUBRAMANIANt, 

S. N. GHOSH, 

AND 

K. P. BASUf. 

[Work done at the Hairy Chemistry Section, Indian Dairy Research Institute, Bangalore.) 

[Received for publication, March 8, 1957.} 

There seems to be no exact knowledge at present on the amount of fat which 
will be required in tlie human diet. The recommended daily allowances of the 
National Research Council of U.S.A, placed the desirable fat level in the diet at 
20 per cent or 25 per cent of the total calorie intake. For very active adults, 
this may be placed at 30 to 35 per cent of the total calories (JVw/r. Revs., 1950). 
The Nutrition Advisory Committee of the Indian Council of Medical Research 
is silent as regards the fat requirement of Indians and only recommends that liberal 
amounts of fat should be included in the diet, since fat provides more than twice 
the energy obtainable from carbohydrate or protein and fats act as vehicles for 
fat-soluble vitamins, Johnson and Kark (1947) showed that among American 
soldiers at hard work free choice of food resulted in 33 to 40 per cent total calories 
being derived from fat. But it is a moot point whether appetite and self-selection 
of food can be used as a guide to determine the desirable proportion of a food 
component in the diet, 

.. - Earlier work on the subject has been mainly devoted to the study of the 
comparative merits of animal fats and vegetable fats at different levels' and the 
criterion used to assess the performance has chiefly been the growth of the 
albino rat. 

Considerations, such as the carbohydrate component of the diet or the age of 
the animal have been reported to influence the findings and there appears to be 


♦This work was done whh the aid of a research grant from the Indian Council of Medical Research. 
Present address.—fNutrltion Research Laboratories, Coonoor. 

^Special Officer, Scientific Research, Planning Commission, New Delhi. 
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no agreed conclusions on this point (Smith, 1948). While extensive data have 
been made available by such studies, the main point at issue, viz., the optimum 
level of fat in the diet still remains unsolved. 

Considerations other than growth, such as nitrogen retention, efficiency of 
food utilization, reproduction performance etc., have also been employed to 
assess the value of different levels of fat (Forbes et al., 1946; Scheer et al., 1947, 
1947«, 1947^). There appear to be two distinct facets in such works; Firstly, the 
effect of the complete absence of fat from the diet as against its presence in varying 
amounts, and secondly, the effect of varying levels of fat in the diet. Several of 
these studies have served to emphasize the salutary effects of the presence of a 
minimum amount of fat in the diet. It may be of interest in this connection to 
state that Scheer et al. (1947c) found high levels of fat to be beneficial in endurance 
tests with rats which were allowed to swim to exhaustion. 

The other side of the picture also deserves some mention. The support 
given of late to an association, if not a well-established correlation, between 
larger intakes of fat and increased proneness to develop atherosclerosis or degenera¬ 
tive cardiovascular disease weights the scale in favour of lower and lower levels of 
fat in the diet (Keys, 1953). Administration of high fat diets has also been 
reported to result in a type of anaemia (Johnson ei al., 1943). 

One of the chief drawbacks in these investigations appears to be the lack 
of any agreed criterion in judging the results. The growth of the animal as shown 
by gain in live weight can be assumed to be sum total of all effects on the animal 
and thus used to'"assess the results. This has been already adopoted by several 
workers. However, this method has its own limitations, as for example, the gain 
in live weight may not all be due to new tissues laid down but may be due to 
larger fluid retention {cf. Deuel et al., 1947). 

Most of the workers in this field have carried out experiments with fats, 
such as margarine, corn oil, butter etc., and these fats are not very common in 
India. Even butter or ghee is consumed only by a negligibly small proportion 
of the population in India. Especially, in view of the earlier researches 
which have shown that in the rat at least, fats may have varying influences in 
nutrition and that the amounts needed in the diet for optimum growth may 
depend to a considerable extent upon the source of fat (JVwtr. Revs., loc. cit.), 
the need arises to investigate the problem with fats which are common in 
India. 

The present paper presents the results of an attempt in this direction and 
in the absence of any other generally accepted criterion of assessment, gain in live 
weight of the young albino rat fed varying levels of butter, sesame and ground-nut 
oils in isocaloric regimens has been studied. 

Of late, Elvehjem and his school of workers have adopted lowered liver fat 
accumulation in animals as a test of the nutritional adequacy of the protein and 
amino-acid component in the diet (Elvehjem, 1956). The influence of fat level 
also on liver fat was considered tvorthy of investigation and the present paper 
reports certain preliminary studies on the liver lipid status in animals continually 
fed varying level of fat in the diet. 
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Experimental. 

T)ic study consisted of tlircc experiments. Tlic variation in the three 
experiments was only with regard to the source of fat, viz., butter-fat, sesame or 
ground-nut oils. 

The plan of each cxpcrimcnl \\'as as follows: Weanling young albino rats 
were divided into five groups of ciglit animals each taking care to have an even 
distribution of sex, litter-mates and initial body-weight in the various groups. The 
first four groups ^vcrc fed 2, 5, 10 and 20 per cent fat in the diet. These levels 
were chosen after due consideration of the range of fat levels in the Indian diets 
as revealed by the various dietary surveys. The rather high level of 20 per cent fat 
%vas also included to find out the possible effect of a high fat-level on growth. 
Casein, corn starch salts and vitamins formed the other components of the diet. 
The actual composition of the diets fashioned after the one employed by Barki 
el al. (1950) is given in Table I. The proportion of the calories contributed by 
tlie protein to the total calorific value of the diet tvas kept constant in all the four 
groups. The diets were fed, as far as possible, in isocaloric amounts to all the 
groups. The diets were renewed every week and kept in cold storage ^vhen not 
required so as to avoid development of rancidity. 

Table I. 

Composition of the experimental diets. 


Dietary components, per cent. 


Group 

... 

number : 


1 

2 

3' 

4 

Fat* ... 

20 

50 

10-0 

20-0 

Cane sugar 

12-6 

12-0 

11 0 

9-0 

Cornstarch 

59 2 

55-4 

50-0 

39-1 

Vitaminizcdstarchf... 

4 0 

4-7 

5-0 

5-6 

CaseinJ... 

18-2 

18-9 

20-0 

22-3 

Salt mixture 

3-17 

3-77 

40 

4-46 

Calories per 96 g, of energy-yielding food ... 
Grammes protein per calorie from the above 

394 

409 

434 

484 

diets 

0-0462 

0-0462 

0-0462 

0-0461 

Ratio for feeding isocaloric amounts 

M02 

1-061 

1-OCO 

0-897 


*The source of fat was butter, sesame oiler ground-nut oil in experiments I, II, and 
III. Due allowance was made for the moisture content of the butter-fat samples while 
preparing the diets. 

fAn alcoholic solution containing the following amounts of vitamins was mixed with 
100 g. corn starch, dried below 40'’C. and used: Thiamine 4 mg.; riboflavine 6 mg.; pyridoxin 
6 mg.; calcium pantothenate 30 mg.; choline 3 g,; vitamin A acetate 11-2 mg.; a-tocophero! 
44-8 mg.; vitamin Da 0-28 mg.; menadione (vitamin K) 4-2 mg.; niacin 12 mg. 

^Rendered fat-free by extraction for two three-hour periods with boiling alcohol. 


Since there was no means of judging the optimum growth, the fifth control 
group was kept on the laboratory stock ration and the growth of this last group 
of animals was assumed to be optimum. The laborator)^ stock ration consisted of 
a mixture of unleavened bread (chapati), sprouted Bengal gram, cow’s milk, meat, 
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Group 

number. 


1. Butter-jot: 
1 


1 

2 

3 

4 

Sesat 

1 

2 

3 

4 

1 

2 

3 

4 

I. G: 
1 

2 

3 

4 

1 

2 

3 

4 


2 

5 

10 

20 


Level of 
fat, 

per cent, c 

Average 

calories 

;onsumed. 

Average 
gaiii in 
weight in 

8 weeks. 

Gainmwfeightper 
calorie consumed. 

. -— 


Male rah. 

fat: 

2 ■ 

2,136 

139 

0-06520±0-001863 



144 

0-06733±0-002l36 

5 

10 

2,128 

141 

0-06613±0-001574 

20 

2,114 

138 

0-06504±0-000873 



Female rots. 

2 

2,022 

104 

0-05140±0-001899 

5 

2,012 

106 

0-05257±0-003498 




0-05048±0-003850 

10 

20 

1,959 

1,940 

100 

0-05155±0 001599 



Male rats. 

Tie oil: 

2 j 

|, 2,110 ' 

121 

0-05728±0-006545 

5', 1 

1 - 2,127 

124 

0-06049±0-003616 

10 

2,104 

124 

0-06105±0-003510 

20 

1 

1 2,064 

133 

0-064l3±0-002783 



Female rats. 

2 

2,036 

96 

0 - 04 724± 0-005088 

5 

2,031 

96 

O-04737± 0-004222 

10 

2,028 

101 

0-04984±0 004124 

20 

2,022 

99 

0 04876 ±0 005246 



Male rati. 

round-nut oil: 

2 

2,097 

124 

0-05732±0-002188 

5 

2,086 

116 

0-05559±0-003052 

10 

2,083 

122 - 

0-05858±0 001532 

20 

2,078 

123 

0-05391 + 0-004212 


2,059 
2,043 
2,038 
2,038 

- Significant. 


80 

87 

93 

89 


0-04536±0-001851 
0-04245 ± 0-000809 
0-04563±0-001873 
0-04368±0-001825 


1:2 N.S. 
1:4 N.S. 
1:3 N.S. 
2;3 N.S. 
2:4 N.S. 
3:4 N.S. 


1:2 N.S. 
1:3 N.S. 
1 .-4 N.S. 
2:3 N.S. 
2:4 N.S. 
3:4 N.S. 


1.-2 N.S. 
1:3 N.S. 
1:4 N.S. 
2:3 N.S. 
2:4 N.S. 
3:4 N.S. 


1:2 N.S. 
2:3 N.S. 
1:3 N.S. 
1 ;4 N.S. 
2:4 N.S. 
3:4 N.S. 


1:2 N.S. 
1:3 N.S. 
1:4 N.S. 
2:3 N.S. 
2:4 N.S. 
3:4 N.S. 


1:2 S. 
1:3 N.S. 
1:4 N.S. 
2:3 S. 
2:4 N.S. 
3:4 N.S. 


-Not significant. 
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of essential fatty acids and as a vehicle for fat-soluble vitamins has to be borne 
in mind. 

Since the growth response to the variation in the level of fat in an adequate 
diet was not marked, an examination was made of the total liver lipid content of 
the animals fed vaiying levels of sesame oil. At the end of the test-period of eight 
weeks, the livers ^vcrc removed according to the procedure of Henry el al. (1953) 
and the lipid content determined (Hawk and Elvehjcm, 1953). The data on the 
liver lipid status appear in Table IV:— 

Table IV. 


Liver lipid stains of rats fed varying levels of sesame oil in the diet. 


Group 

number. 

Level of 
fat, 

per cent, 

1 

1 

Liver lipid per cent 
(on dry-weiciit basis) 

Significance test. 

1 Range. I 

Average 

Standard 

deviation. 



Male rats. 



1 { 

I 2 

! 4-7—17-8 

11-8 

±5-433 

1 1:3; 1:2-) 

2 

5 

3-1—17-3 

11-8 

±6-393 

1:4; 1:5 ( 

3 

10 

lO-l—15-3 

11-5 

±2-536 

! 2:3; 2:4 f N.S. 

4 

20 

6-0—12-3 

9-7 

±2-972 

1 2:5; 3:4 J 

^ 1 

Stock ration j 

3-5—10-8 

6-9 

±3-537 

3:5: S. 






4:5; N.S. 



Female rats. 



1 

2 

4-0—14-0 

9-7 

±4-246 

1 1:2; 1:3 I 

2 

5 

4-2—14-7 

9-2 

±5-098 

I 1:4; 1:5 1 

3 

10 

6-3—11-4 

8-9 

±2-161 

2:3; 2:4 f N.S. 

4 

20 

2-7— 7-6 

5-6 

±2-258 

2:5 J 

5 

Stock ration 

3-1-11-2 

6-1 

±1-215 

3:4 S. 


1 


1 


3:5; 4:5 N.S. 


S — Significant. N.S. — Not significant. 


There was a wide variation in the lipid content of the livers of animals 
subjected to the same dietary regime itself, e.g., from 3-1 to 17-3 per eent on 5 per 
cent sesame oil diet. It was, however, found that taking an overall picture, the 
animals in the control group (stock ration) and the high-fat diet (20 per cent) 
possessed less liver lipid store (about seven per cent) than the animals on lower 
levels of fat (about ten per cent). Due to the .wide variation in the values for 
individual groups, the statistical interpretation of the data has to be accepted with 
due reserve and caution. 

However, this finding is of some importance. The liver lipid status has been 
affected only by varying the level of fat in the diet, other factors, such as supply of 
methionine, choline, etc., not coming into the picture. There appears to be no 
systematic study in the literature on the liver lipid store of animals fed adequate 
diets but varying in levels of fat only. Harper el al. (1954), however, observed that 
with acorn oil or butter-fat diet, increase in the level of fat from 5 per cent to 20 ner 
cent resulted in a slight decrease in liver fat and concluded that fats did not 
accumulate progressively in the livers of rats which received increasing amounts 
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of dietary fat. This finding is in accord with the present observations. It may be 
of interest to pursue this line of investigation with a larger number of animals and 
with other fats and also to know the character of such lipid deposits, whether it is 
cholesterol or phospholipid, etc., to gain further insight into this problem. 

Summary. 

1. Young weanling albino rats were fed for eight weeks isocaloric diets 
but with levels of fat varying from 2 per cent to 20 per cent. Butter-fat, sesame 
and ground-nut oils were used as the sources of fat in the three separate trials. 

2. Growth of a control group of rats on laboratory stock ration was assumed 
to be optimal and at none of the levels tested, the growth of the animals on the 
experimental diets equalled that of the control group. 

3. When the growth of the animals was compared as gain in weight per 
calorie intake, no striking difference was observed among the several levels of each 
of the fat examined. 

4. Animals on 5 per cent ground-nut oil ration showed the poorest growth. 

5. While the data are not conclusive, the liver lipid store of animals 
receiving higher levels of sesame oil was observed to be less than that of animals 
receiving lower levels. 
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(From the Nutrition Research Laboratories, Indian Council of Medical Research, 

Coonoor, S. India). 

[Received for piiblic.ation, Februnry, 13, 1957.] 

It has long been believed that malnutrition tends to affeet human tuberculosis 
adversely. It has, however, not been possible to provide indisputable scientific 
proof for this view. Considerable epidemiological, experimental and clinical 
evidence pointing to the deleterious role of malnutrition in tuberculosis exists, but 
such evidences can, at best, be considered only circumstantial and suggestive. 
For example, it has been pointed out by several observers that tuberculosis mortality 
rates in different economic groups in a community tend to vary inversely with 
their economic levels (Ewart, 1923; Wolff, 1938). There are also numerous 
observations pointing to increase in tuberculosis mortality in various countries 
during times of war and famine (Lee, 1931; Faber, 1938; Rich, 1946; Stowman, 
1946; Keys et al., 1950); but all these evidences pointing to increase in tuberculosis 
mortality rates in times of privation need not necessarily be considered conclusive 
proof of the aggravating role of malnutrition in tuberculosis. During war and 
famine apart from malnutrition, there is also a simultaneous deterioration in 
environmental conditions. The possible contributory effects of such deterioration 
in environmental factors have also to be considered. However, even when due 
allowance is made for these factors a careful examination of the epidemiological 
evidence would appear to point to the aggravating role of malnutrition in tuber¬ 
culosis. The subject has been exhaustively and ably reviewed in a number of 
publications (Rich, loc. cit.', Keys et al., loc. cit.). 

Malnutrition and tuberculosis are among the major public health problems 
of underdeveloped countries. It is important to consider how these two problems 
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which aie both widespread and which happen to co-exist over vast resrions of the 
globe tend to interact with each other. Whether the problem of tuberculosis is 
considered from the larger point of view of prevention and control of the disease, 
or irom the narrower point of view of therapeutic management of individual cases, 
the question of the role of malnutrition in tuberculosis assumes great importance. 
To be able to plan a preventive campaign against tuberculosis in underdeveloped 
countries and to approach the problem of dietary management of tuberculosis 
cases rationally, it is necessary to have information on this subjeet. 

The present study. 

In the present study, the question of the probable role of malnutrition in 
tuberculosis was investigated on the following lines: 

1. Co7npaiiso7i of the incidence of tuberculhi positivity 7 n cl group of malnourished 

children on the one hand and apparently 7iormal children of the ge7ieral population on the other. _ 

The incidence of tuberculin positivity in a group of 548 children aged up to 10 
years and sufferirig from various clinical manifestations of malnutrition was com¬ 
pared with that in a group of apparently normal children of the same age com¬ 
position and belonging to the general population. The clinical manifestations 
encountered among the malnourished group is indicated in Table I. Using 0-1 c.c. 
(10 tuberculin units) of P.P.D., tuberculin tests were performed on all the subjects. 
Precautions were taken to exclude cases that had received previous B.C.G. vaccina¬ 
tion, and those children who were suffering from conditions known to cause a false 
negative reaction. The responses were read 48 hours following the tests by 
measuring the diameter of induration over the injected area. In line with the 
criterion employed by the B.C.G. teams, an induration exceeding 5 mm. in diameter 
was considered positive. To assess the reliabiltiy of tuberculin positivity in 
malnourished children, A;-rays of the chest were taken in 29 malnourished eases 
returning positive reaction chosen at random. 

Table I. 


Clinical types of cases of niahiutrition studied. 


Clinical type. 

Number of cases. 

Vitamin A deficiency 

328 

Protein malnutrition 

54 

Protein malnutrition+vitamin A deficiency 

47 

Vitamin B complex deficiency 

11 

Protein miInutrition+vitamin B-complex deficiency 

11 

Vitamin B-complex deficiency-f-vitamin A deficiency 

15 

Simple undernutrition ... 

82 


To investigate the possibility that malnutrition might contribute to false 
negative tuberculin reaction in children of the undernourished group, 20 under¬ 
nourished children -who returned negative tuberculin response were administered 
a daily supplement of 30 g, of protein in the form of skim milk for a period of 1 to 
2 months and the tuberculin tests were repeated in those cases at the end of this 
period. 
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Incidence of lubercitlosix and kwashiorkor in children of different ages. 


2. Comparison of the incidence of tubercidosis and kwashiorkor among children of 
the same socio-economic group. —Information regarding the incidence of tuberculosis 
in cases of kwashiorkor in different regions was gathered. The respective age 
distribution of cases of tuberculosis and kwashiorkor among children of the same 
socio-economic group was studied. 


Results. 

The incidence of tuberculin positivity among a group of malnourished 
children and a group of apparently normal children of the general population has 
been indicated in Table 11. It will be noticed that in the age group under six years 
there was no significant difference with regard to the incidence of tuberculin positi¬ 
vity as between the malnourished and the control subjects. In the age group 
between 6 and 10 years, the incidence of tuberculin positivity was actually greater 
in the control group than in the malnourished group. Of the 29 children from 
the malnourhished group with positive reaction who were chosen at random 
;v-rays of the chest revealed radiological evidences suggestive of tuberculosis in 
22 cases. 
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Of the 20 children with initial negative response who were subsequently 
treated with high protein diets, 3 returned a positive response on retesting. 

Table II. 


Incidence of tuberculin positivity among malnourished children and children of 

general population. 


! 

c 

1 

ASES OF malnutrition: 

General 
population, 
per cent. 

Age. 

1 

All cases of 
malnutrition, 
per cent. 

Cases of vitamin 
A deficiency, 
per cent. 

Cases other than 
vitamin A defi¬ 
ciency, per cent. 

0-6 years 

6-10 years 

11-8 

18-3 

CO 

6-7 

1 16-7 

CO 

Cvl 


An attempt to gather information on the incidence of tuberculosis in cases of 
kwashiorkor was made in the expectation that this may throw some light on the 
question of the role of protein malnutrition in tuberculosis. Unfortunately, 
however, it appeared that not all clinicians dealing with kwashiorkor had examined 
their cases carefully for evidence of tuberculosis. The information that was 
collected was somewhat contradictory. Trow ell (1956) in Kampala who had 
Mantoux-tested and x-rayed all his cases of kwashiorkor, reported that the 
incidence of tuberculosis in his cases was between 2 and 5 per cent. On the other 
hand, according to the same author, nearly one-third to one-half of kwashiorkor 
cases in Johannesburg in South Africa were seen to suffer from tuberculosis. 
Harish Chandra (1956) in Hyderabad reported that out of 186 cases of kwashiorkor 
investigated by him in 1955, 59 cases had radiographic evidence of pulmonary 
tuberculosis and 3 others had tuberculosis of the cervical glands—an incidence as 
high as reported by Trowell in South Africa. Pierce (1956) in Mysore, on the 
other hand, found there was no significant difference with regard to the incidence 
of positive Mantoux-reaction as between a group of kwashiorkor cases and normal 
controls. In a group of 25 cases of kAvashiorkor studied in the course of the 
present investigation, radiological evidences suggestive of tuberculosis was obtained 
in 9 cases, though none of these was clinically active. 

Information regarding the age distribution of cases of tuberculosis (of all 
categories) and of kwashiorkor admitted under Achar in 1954 in the Government 
General Hospital, Madras, was also gathered. The results are indicated in the 
Graph, The peak incidence of tuberculosis seemed to precede that of kwashiorkor, 
but the period between 1 and 3 years in which kwashiorkor was the major problem 
^vas also the period of maximal incidence of childhood tubercuolsis. 


Discussion. 

The results of the comparative study of the incidence of tuberculin positiwty 
in malnourished and normal children have to be interpreted with considerab c 
caution. This approach may fail to reveal the aggravating role of malnutrition 
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in tuberculosis for two reasons: (1) malnutrition may be contributing to false 
negative Mantoux-rcaction, and (2) several eases of malnutrition affected with 
tuberculosis may have failed to survive with the result that the malnourished group 
investigated may be a selected group from which eases of tuberculosis had already 
been weeded out. That malnutrition could contribute to false negative tuberculin 
reaction has been shown by several workers. {Debre and Papp, 1926; Faber, 
cih; Wolff, 1930; Mitchell et «/., 1928; Wilson and Miles, /oc. at.). The limited 
study of the effect of nutritional rehabilitation on the initial negative tuberculin 
response obtained in 20 eases in the present investigation would seem to support 
this view. The appropriate conclusion that may be drawn from the results 
obtained here is not that malnutrition has no effect on tuberculosis but that tuber¬ 
culin tests in malnourished populations may provide an unreliable indication of 
the incidence of tuberculosis. Tn comparing the results of tuberculin positivity 
in malnourished and well-nourished subjects, the possible effects of variations in 
environment in the two groups on the incidence of tuberculosis must also be 
considered. In the present investigations, however, both the malnourished and 
the apparently normal group were drawn from the same environment. 

The reasons for the wide divergence in the reported incidence of tuberculosis 
in different groups of kwashiorkor eases arc not clear. Trowcll (loa cit.) found 
the incidence of tuberculosis as low as 5 per cent in his cases of kwashiorkor in 
Uganda, but considered the incidence of tuberculosis among eases of kwashiorkor in 
Johannesburg to be much higher. One finding which may be of significance in 
this connection is that the incidence of vitamin A deficiency signs among kwashior¬ 
kor cases, as judged from all available reports, is apparently much higher in South 
Africa than in Kampala. Experiments on rats carried out in these laboratories 
(Sriramachari and Gopalan, 1957) indicated that vitamin A deficiency may 
diminish resistance to tuberculosis, an observation which is in line with that 
reported by Finkelstein (1932). 

The observations of Pierce [loc. cit.) in Mysore are again contradictory to 
those of Harish Chandra [loc. cit.) in Hyderabad. It must be pointed out, however, 
that the former author had depended on the Mantoux-reaction for the assessment 
of the incidence of tuberculosis. The reliability of Mantoux-test, however, in 
cases of kwashiorkor is questionable. In support of this, it was observed in the 
course of recent investigation that in eleven cases of advanced malnutrition showing 
clinical and radiological evidences of tuberculosis, the Mantoux-reaction was 
negative. This would again illustrate the point that in advanced malnutrition 
false negative tuberculin reactions are probably very frequent. Further intensive 
investigations of the incidence of tuberculosis in malnutrhional states may provide 
important information bearing on the problem of the role of nutrition in 
tuberculosis. 


Summary. 


1. The incidence of tuberculin positivity in a group o 548 malnourished 
children aged up to 10 years has been compared with the incidence of tubercuUn 
positivity in a group of apparently normal children of the general population 
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2. The relative incidence of tuberculosis and kwashiorkor in children of 
the same socio-economic groups has been studied. 

3. The significance of these observations has been discussed. 
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[Received for publication, February 13, 1957.} 

In an effort to elucidate the interrelationship between nutrition and tuber- 
culosis, some workers have tried to investigate the metabolism of different nutrients 
in patients suffering from tuberculosis (McCann, 1922; Johnston, 1953; Brewer 
et al., 1950 and 1954; Co Tui et al., 1954). While such studies cannot obviously 
yield information on the role of malnutrition in predisposing to tuberculous 
infection, they may be expected to provide some clue regarding the nutritional 
requirements in tuberculosis and the possible effect of undernutrition on the course 
of established tuberculosis cases. 

It may be expected that the metabolism of different nutrients in tuberculosis 
is influenced by the severity of the infection and possibly also by the preceding 
nutritional status of the subjects with regard to the nutrients concerned. The 
fact that these two factors cannot always be truly assessed in human cases of 
tuberculosis, imposes an important limitation on the interpretation of the results 
of metabolic studies carried out on human cases. In experimental animals, 
however, these factors can be controlled; but the use of experimental animals for 
metabolic studies raises the question of the applicability of the results obtained in 
such investigations to human subjects. The problem would, therefore, seem to 
need an approach from both the clinical and experimental angles. 

In the present investigation, the metabolism of nitrogen, calcium and 
phosphorus has been investigated in human cases of tuberculosis and in o-uinea- 
pigs in whom tuberculosis had been induced. “ 
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Case Mo. 5.—Male, aged 35 years, agricultural labourer. History—cough 
Avith expectoration since 4 years, haemoptysis off and on since 2 years, sweating 
since one month. Had had 30 g. streptomycin + P.A.S, once 3 years ago. Clinical 
condition—•weight 106 lb., A'-ray lungs—big tension cavity with infiltration right 
apex, heart—normal, urine and fccces— ?iil abnormal, E.S.R.—50 mm./l hour. 
R.B.G.—3-6 millon. Hb,—10 g. per cent. Total, W.B.G.—6,600 per cmm. 
Sputum—positive for T.B. 

Case Mo. 6.—Male, aged 18 years, agricultural labourer. History_fever, 

cough, sweating, loss of weight and pain in the left side of the chest since i to 1|- 
months. Clinical condition—^^veight 94 lb. Temperature—i01-2°F. Pulse—110 
per minute, x-ray lungs—^right lung infiltration apex and intradavicniar region, 
left lung normal, heart normal, urine and fasces, nil abnormal, E.S.R.—55 mm.jl 
hour. R.B.G.—3*6 million, Hb.—10 g. per cent. Total W.B.G.—5,000 per 
cmm. Sputum—positive for T.B. 

Case Mo. 7.—Male, aged 42 years, domestic servant. History—cough with 

expectoration since 5 years. Clinical condition—weight 100 Ib., x-ray lungs__ 

right lung infiltration apex and intradavicniar region, left lung—normal. E.S.R.— 
3 mm./i hour. R.B.G.—4*5 million. Hb.—17 g. per cent. Total W.B.G,— 
6,200 per cmm. Sputum—positive for T.B. 

Case Mo. 8.—Female, aged 22 years. History—fever off and on since one 
year, loss of body weight since a year, pain in the left side of the chest, cough with 
expectoration since one month. Clinical condition—^sveight 54 lb,, x-ray lungs— 
infiltration left apex and intraclavicular region, right lung—normal. Heart— 
normal. Urine and feces—^nil abnormal. E.S.R.—35 mm./per houi'. R.B.G.— 
4*19 million, Hb,—12 g. per cent. Total W.B.G.— 10,400 per cram. Sputum—• 
positive for T.B. Plasma porteins—5*7 g. per cent. Albumin—2-6 g. per cent. 

Gases 1 to 7 were immediately placed on a standard diet, the composition of 
which is indicated in Table 11. There was some minor difference between the 
composition of the standard diet given to cases 1 to 6 on the one hand and the cases 
7 and 8 on the other, as shown in the table. Case No. 7 and case No. 8 (in the 
initial period) were maintained on the same diets which they were used to con¬ 
sume at home. The patients were maintained on the respective diets for 7 days 
before metabolism studies ■were undertaken on them. The diets were carefully 
weighed and it was ensured that the patients consumed all the food supplied to them. 
After the 7-day adjustment period, metabolism studies were carried out for three- 
day periods in all cases. Urine and feces passed during the study were carefully 
and completely collected. Sputum was collected in t^vo cases and nitrogen 
estimated by micro-Kjeldahl procedure. Since nitrogen loss though sputum 
during 24 hours did not exceed 100 mg., loss of nitrogen through sputum was 
considered not significant. Nitrogen, calcium and phosphorus were estimated in 
urine by the methods mentioned above in the case of guinea pigs. Determination 
of nitrogen, calcium and phosphorus were carried oiit in feces as described by 
Stearns (1929). In patients 1 to 7, the metabolic studies were carried out on only 
one occasion as above. 

In Case No. 8, ho’srever, four serial metabolic studies—two before treatment 
and two after treatment %vere carried out. After the completion of the first 



97 


B. S. Marasinga Rao and C. Gopalan. 

metabolic study, this patient was placed on a dificrent diet supplying a higher 
level of protein (104 g. daily as against 76 g. daily provided by her first diet). 
After allowing another seven days for adjustment to the new diet, a metabolic study 
similar to the first ^\•as carried out for a three-day period. The patient was then 
treated with calcium P.A.S., isoniazid and streptomycin. During this period the 
patient was on the latter diet supplying 104 g. protein daily. After 17 days of 
treatment during which period the patient was beginning to improve clinically, 
the metabolic study was repeated for a three-day period. The treatment was 
continued for another 68 days at the end of which appreciable improvement in 
the clinical conditions of tlic patient had occurred. At this stage, the last 
metabolic study ^vas carried out again foi; a three-day period. 

Table II. 


Composition of the diets of tuberculosis patients. 


1 

Particulars. | 

1 

P.Tlicnt 1 I 
to 6. 1 

i 

i 

Patient 7. i 

Patie 

NT 8: 

1 During the first period j 
j (I metabolic study). 

During the second 
period (11, HI and IV 
metabolic study). 

Protein ... ... ! 

105 

1 87 

i 76 

104 

Fat ■... 

81 

30 

1 38 

42 

Calorics ... j 

3,284 

1 

2,781 

2,327 

2,576 


Results. 


The results of the experimental study on guinea-pigs are indicated in 
Table III. The results of clinical study on human cases are set out in Tables 
IV and V. 


It can be seen from Table III that guinea-pigs, before infection, retained 
considerable amount of nitrogen, calcium and phosphorus on both high protein 
and low protein diets. The total quantity of the nutrients retained was much 
higher in the high protein group than that in the low protein group. Per cent 
retention of nitrogen and calcium was slightly lower in low protein group as 
compared to the high protein group, whereas the per cent retention of phosphorus 
was identical in both the groups. The differences in the per cent retention of 
nitrogen in the two groups, which is statistically significant (t=3-02 ), might be 
due to (i) differences in the level of protein in the diet, and (ii) differences in the 
quality of protein present in the two diets (Table I). 


After infection there was a marked reduction in the quantities of nitrogen 
calcium and phosphorus retained in both the groups (Table HI) which was out of 
proportion to the small reduction in the intake of these nutrients. This will be 
evident when the per cent retention on the two diets is considered. A common 
feature m the metabolism after infection was that the fecal as well as the urinarv 
excretion of the three nutrients was increased in both the groups indicating a 
defect both m absorption and utibzation. An important different bawsL the 
animals on the high protem diet and those on the low protein diet was noticed wdth 



Table 111. 

Nitrogen^ calcium and phosphorus metabolism in guinea-pigs before and after infection. 
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regard lo ihc nitrogen balance after infection. All the animals of the high protein 
group maintained positive balance, though the per cent retention \\Ms very much 
lorver than that before infection. On the other hand, most of the animals of the 
low protein group showed negative nitrogen balance. With respect to calcium 
and phosphorus retention, the pattern was the same in both the groups; both 
positive and negative balances being observed in the two groups. 

Table V. 


Serial nitrogen metabolism study in patient 8. 


Period. 


NiTROr. 

EN IN 0. PER 

. DAY. 


Intake. 

Fa:cal 

excretion. 

1 

1 Urinary 

I excretion. 

Total j 
excretion. 

Balance. ‘ 

Effort trratmtntz 


! 


6-37 

+ 5-82 

3rd-6tli day after admission 

1219 

1 3-01 

3-36 

13lh-16th day after admission 

16-63 

; 4-21 

4-30 j 

8-51 

+8-12 

AJttr Irtalmenl ; 



i 

1 

+ 6-64 

33rd-36th dav after admission 

16-63 

3-75 

6-24 

9-99 

101th-103rd day after admission 

16-63 

4-30 

3-27 

7-57 

+9-06 


When the animals of the lotv protein group were s^vitched over to a high 
protein dietary regime for 7 days they still showed negatir'c balance of nitrogen. 
This indicates that the decreased retention of these nutrients in these animals after 
infection cannot be corrected by a temporary increase of protein intake for a short 
period, after infection had set in. Prolonged high protein feeding before and 
after infection may make a difiercnce. This fits in with the observations of other 
workers that negative nitrogen balance that sets in after a stress-like infection 
(Grossman et al., 1945) and surgical operation (Cuthbertson, 1946; Koop et al., 
1946; Howard el al., 1944) cannot be corrected by temporarily increased nitrogen 
intake. 

There was no correlation between weight changes, on the one hand, and 
retention of nitrogen, calcium and phosphorus after infection on the other. The 
animals of the high protein group, though maintaining positive nitrogen balance 
^vere not gaining weight. 

Results of metabolic ®tudy with human cases of tuberculosis indicated that 
there was considerable retention of nitrogen, calcium and phosphorus (Table IV). 
The retention observed in these cases seemed very much higher than in normal 
subjects {cf. McKay et al, 1942; Mitchell, 1949; Patwardhan et al., 1949). This 
type of high retention had been observed by several other workers in tuberculous 
patients (Johnston, loc. cit.; Co Tui et al., loc. dt.), in other infectious diseases 
(Grossman et al., loc. dt.; Waife et al., 1950) and in undernutrition'(Bray, 1953; 
Holmes et al., 1954; Venkatachalam et al., 1955). The extent of retention observed 
in these cases varied from patient to patient. This was especially striking in the 
case of nitrogen retention, being 1-5 g. per day, on the one hand, in patient No 7 
and about 9 g. per day, on the other, in patients No. 5 and No. 8 There was 
parallelism between nitrogen retention, on the one hand, and calcium and phos- 



100 


Nutrition and Tuberculosis. 


phorus retention, on the other. Only one patient (No. I) showed negative calcium 
balance; this is attributable to high calcium excretion in stools which was bulky. 
Similarly, large quantities of nitrogen and phosphorus were excreted in fasces of 
this patient compared to other patients. It was found that the degree of retention 
of nitrogen could not be correlated with blood sedimentation rate, temperature, 
weight or age of the patients. However, patient No. 7 who had normal E.S.R. 
(3 mm./hour) showed minimum retention. 

The results of the serial metabolic studies with patient No. 8 have been 
set out in Table V. Metabolic studies were conducted on this patient on two 
levels of protein (76 g. and 104 g.) before treatment and twice afterwards on 104 g. 
protein. The patient retained considerable quantity of nitrogen on 76 g. of 
protein which was her usual diet. But when the protein intake was raised to 
104 g. nitrogen retention also increased considerably. The patient continued to 
retain nitrogen nearly to the same degree as in the beginning even after 3 months 
of treatment when there was clinical improvement in her condition. 

It is also seen from Table V that there was no correlation between 
nitrogen retention and weight changes. There was maximum weight increase in 
patient No. 1 with minimum nitrogen retention (excluding patient No. 7), while 
there was no change in weight in patient No. 3 and weight loss in patient No. 8 
with maximum retention. This is an observation reported by several workers, 
not only in tuberculosis (Johnston, loc. cit.; Go Tui et at., loc. cit.i McCann, loc. cit.), 
but in other infections (Waife et at., loc. cit.; Sappington of Bockus, 1949; White 
and Spriggs, 1901; Johnson, 1946), and in undernutrition (Bray, loc. cit.; Holmes 
et al.) loc. cit.; Venkatachalam et al., loc. cit.). 

Discussion. 

The foregoing results indicate that the metabolism of nitrogen, calcium and 
phosphorus in guinea-pigs on diets of high and low protein content before infection 
are such as would be expected of normal growing animals. The differences in 
the two groups as to the retention of these nutrients reflect the differences in protein 
level, and the protein quality of the two diets. However, after infection there was 
a marked change in the metabolismof these nutrients, there being greater excretion 
and less retention on intakes similar to those before infection. Between the two 
groups of animals there was a marked difference after infection as regards protein 
metabolism. The animals of high protein group were in positive balance though 
the total quantity retained was much less than that before infection, while most of 
the animals of low protein group showed negative balance. 

It is a well established fact that protein metabolism is profoundly influenced 
in states of stress, such as infection, surgical operation, trauma, burns, etc. (Pollack 
and Halpern, 1951; Peters and Van Slyke, 1946). For example, whithin a few 
days of surgical operation and burns large quantities of nitrogen are lost 
urine (Howard et al., loc. cit.; Guthbertson, loc. cit.; Croft and Peters, 1945). The 
degree and rapidity of this nitrogen loss is influenced by the proceeding nutritional 
status of the subject, a well nourished subject tending to get into negative nitrogen 
balance more readily than an ill-nourished subject (Browne et al., 1945^; Browne, 
1948; Guthbertson loc. cit.). This phase of protein metabolism, the ‘catabolic 
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phase’ cannot be corrected by temporary high protein feeding (Koop ei al., 
loc. cit.; Horvard cl al, be. ciL; Culhhertson be. cit.). 

In the light of this observation it may be concluded that the animals of high 
protein group must have passed through an acute catabolic phase immediately after 
the infection which from the available evidence was probably characterized by an 
even more pronounced negative nitrogen balance than that of animals of the low 
protein group. 

The present investigation, however, shows that the catabolic phase was 
reversed very much earlier in the animals on the high protein group than in those 
on the low protein group, with the result that rvhen the metabolic studies were 
repeated after infection, tltc animals of the high protein group were already in 
positive nitrogen balance, tvhilc those of the low protein group were still in 
negative balance. It could be concluded from this study that high protein intake 
before and during infection is helpful in tiding the animal more rapidly through 
the phase of negative nitrogen balance, which ensues immediately after an infection 
like tuberculosis. An inadequate protein intake, on the other hand, might prolong 
the catabolic phase and chances of survival during this critical period might be 
expected to be correspondingly reduced. 

In human eases of tuberculosis, it was evident that on intakes of 100 g. of 
protein per day (or even 70 g./day) large quantities of nitrogen were retained. 
This \vould indicate that all these patients were in the anabolic phase where the 
protein stores arc repleted, depiction having occurred in the catabolic phase 
immediately after infection. This avidity for protein may indicate the extent of 
tissue protein depletion in these cases. 

One interesting finding was that^he fluctuations in the body-weight occurring 
in cases of tuberculosis may sometimes provide a misleading indication of N balance 
of the individuals. There was no correlation between weight changes and 
nitrogen retention. This was specially well illustrated by the behaviour of patient 
No. 8 (Table V). This patient was retaining large quantities of nitrogen 
throughout, but showed both weight loss and weight gain. At the time when her 
clinical conditions had improved (after three months) there was no net change in 
her weight. 

Another important point that arises from the present metabolic studies on 
human cases of tuberculosis pertains to the protein requirement in tuberculosis. 
In deciding the optimal requirement of protein in tuberculosis the mere presence 
of positive nitrogen balance as in normal adults cannot be a satisfactory criterion. 
The protein intake resulting in maximal retention must be considered the optimal 
requirement. Even a small positive balance in these subjects may not indicate 
that all the tissues of the body are in positive balance (Allison, 1955). These 
patients having great avidity for protein may show N balance at relatively low 
intake (McCann, be. ci(.) which cannot be taken as their optimal requirement. 
This approach to the question of protein requirement in tuberculosis has been borne 
out by the observations on Case No. 8. It was observed that in this patient even 
76 g. protein which the patient was accustomed to consume at home was sufficient 
to maintain her in positive nitrogen balance. However, when the orotein intake 
was raised to 104 g. per day further retention could b^ induced if tiS pSent 
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Since metabolism studies were not carried out at levels higher than 104 g. porteln 
per day, it has not been possible to decide the level at which maximal nitrogen 
retention is achieved It can, however, be concluded that 100 g. of protein per 
day was nearer the optimal protein requirements of this subject than 76 g. protein, 
Phansalkar and PaUvardhan (1956) had shown that the minimum protein intake 
required to maintain a normal Indian adult in N balance \vas of the order of 
38 g. per day. It would, therefore, seem that in a ease of tuberculosis of moderate 
severity the protein requirement is more tlian doubled. Bro^vne and his group 
(quoted by Jolmston, loc. cit.) liad shown that though N equilibrium could be 
induced on 11 g. of nitrogen per day in a tuberculous patient a marked increased 
retention of nitrogen was obscrs'cd by raising the nitrogen intake to 15 g. and 
25 g. a day. 

Another point in favour of high protein intake was illustrated in patient 
No. 8. Though the patient was receiving treatment before she was taken up for 
investigation her clinical condition was actually deteriorating. WTicn she was 
placed on high protein diet and the same treatment continued, appreciable^chmea 
improvement set in. The impression was gained tliat even the patients No. 
improved in their general condition during the 10 days when they were on mg 
protein diet though they •^vcrc not receiving any specific treatment. Our conduswn 
regarding the need for high protein therapy in tuberculosis is borne 
investigations of Jolmston (loc. dl.), Co Tui el al. {loc. cit.) and .Ug 

It was interesting to notice that even after 3 months on high ® ’ u 

patient No. 8 was still retaining considerable quantity of nitrogen. Tmsw 
show the extent of tissue depletion in eases of tuberculosis and the nee 
maintaining high protein diet therapy for prolonged periods. 

SU^^^^ARY. 

1. Nitrogen, calcium and phosphoims balance was determined in 

pigs with experimentally induced tuberculosis and in eight human c 
tuberculosis. 

2. Ammals on the high protein diet recovered from the 

phase following on infection more rapidly than lliosc on the low protem ^ 

3. All the human eases of tuberculosis showed large mis- 

calcium and phosphorus balance. Body-weight changes sometimes ® 
leading indication of the status of N retention. Positive nitrogen balanc 

to be associated with good prognosis, , _ 

4. Using the criterion that the protein intake resulting ju jejs 

retention is the optimal protein requirement, cases of tuberculosis req 

than 100 g. of protein per day. 

A at f 
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The epidemiological evidence pointing to the possible role of malnutrition 
in tuberculosis has been briefly reviewed in an earlier paper (Jayalakshmi and 
Gopalan, 1957). Even if it is conceded that the epidemiological evidence does 
point to the role of malnutrition in tuberculosis, one has necessarily to turn to 
experimental observations to decide the specific nutrients involved. Unfortunately, 
much of the experimental evidence on this subject is also confusing and contradic¬ 
tory (Rich, 1946; Sengupta and Howe, 1949; Metcoff a/., 1949). Considerable 
caution would seem to be necessary in the interpretation of the experimental data. 
The natural history and the evolution of tuberculosis in the experimental animal 
and the human being need not necessarily be the same; the nutritional requirements 
of the animal and the human subjects are also different. These considerations 
constitute important limitations to the experimental approach. 

In the present investigation, an attempt has been made to study the possible 
role of (a) protein deficiency, (i) vitamin A deficiency, and (c) caloric deficiency, 
in influencing the susceptibility of guinea-pigs and albino rats to experimentally 
induced tuberculosis. The above two species of animals were deliberately chosen 
because one of them, the guinea-pig, is known to be highly susceptible to tuberculo¬ 
sis infection and the other, the albino rat, highly resistant. The investigation mainly 
concerned the effects of deficiencies of protein, vitamin A and calories for the reason 
that these constitute the major nutritional deficiencies among poor Indian 
communities. In interpreting the data obtained, due note has been taken of the 
limitations involved in an experimental study of this kind. 


( 105 ) 
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Material and methods. 


Guinea-pigs .—Twentyfour young male guinea-pigs weighing about 200 g. 
each were divided into two groups of twelve animals each. One group was main¬ 
tained on a high protein diet and the other on a low protein diet. The composition 
of these diets have been indicated in Table I of an earlier paper (Narasinga JRao 
and Gopalan, 1957). The change-over from the colony diet of the animal (sprouted 
Bengal gram and cabbage) to the experimental diet was effected gradually so as 
to enable the animals to get accustomed to these diets. The diets were fed ad lib. 
After the animals had subsisted on the respective experimental diets for one month, 
during which period the animals were growing steadily, the animals were placed 
in an isolated animal house and were infected with tubercle bacilli. The infection 
was allowed to develop for twelve weeks at the end of which the animals were 
sacrificed. Post-mortem examination was conducted on these animals as well as 
on those which had died during the 12 week interval, and their various organs 
were examined histologically. Throughout the study, a careful serial record of 
the weights of the animals was maintained. 

During this study, nitrogen, calcium and phosphorus metabolism in 
these animals were determined just before and after 12 weeks after infection. 
The results of this study have been reported separately (Narasinga Rao and 
Gopalan, loc. cit.). 

Rats .—Young weanling rats weighing about 40 g. were divided into 3 groups 
of 33 animals each. The groups were identical with respect to sex, litter, and initial 
weight distribution. The three groups were maintained on a 2 per cent, 5 per 
cent and 18 per cent protein diet, respectively. The diets were fed ad lib. Eight 
weeks after the above groups were started, two more groups of young rats of 22 
animals each were included. These two groups were respectively fed on (1) a 
18 per cent protein diet without vitamin A, fed ad lib., and (2) a 18 per cent protein 
diet restricted to 50 per cent of the calculated normal consumption. There were 
thus in all five groups of animals involved in the experiment. The details regarding 
the groups and their diets are indicated in Table I. 

After the animals had been on their respective diets for some days (nine 
weeks in the case of groups 1, 2 and 3 and 3, days in the case of groups 4 and 5), 
the rats were placed in an isolated animal house and were infected with tubercle 
bacilli. Seven weeks after the infection, all the rats were sacrificed. Systematic 
post-mortem examination was conducted on these as well as those rats that^ h^ 
died after inoculation. Different organs of these rats were histologically examined. 
Throughout this study a careful serial record of the weekly weights of these animals 
was maintained. 

Inoculation.- —Guinea-pigs and rats were infected with a suspension of 
37 strain of tubercle bacilli in physiolo^cal saline. The strain was subcultured on 
glycerine-agar medium and the organisms gently scraped from the surface and 
carefuly weighed; appropriate amount of physiological saline to give a concentra¬ 
tion, of 1 mg. of bacilli in 1 c.c. of saline was added and ground in a mortar o 
obtain a uniform suspension. In the case of the guinea-pigs, 0*1 mg. each oi t c 
bacilli (in 0*1 c.c. of the suspension) was injected subcutaneously in the region o 
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the symphsis pubis. Rats tverc infected through the intraperitoneal route with 
1 mg. each of the bacilli (in 1 c.c. of the suspension). 

Table I. 

Composition of high and low protein diets of rats. 


Components. 

Tis’o per cent protein 
diet (group I). 

Five per cent protein 
diet (group II). 

High protein diet 
(groups III, IV* and Vf). 

Amylum 

88-2 

84-1 

64-2 

Casein 

2-8 

6-9 

26-7 

Gingelly oil 

50 

5-0 

5-0 

Salt mixture (a) 

4-0 

4-0 

4-0 

Vitamin mixture (i)... 

0-1 

0-1 

0-1 

Choline 

0-1 

0-1 

0-1 


(a) —Salt mixture of Briggs cl at. (1952). 

(b) —Vitamin mixture Hcinicke et at. (1955). 

♦This group was not administered vitamin A; the diet ^vas otherwise identical with 
that of group III. 

IThis group received half of the diet received by group III; the qualitative composi¬ 
tion of the diet was othertvise identical with that of group III. 

Groups IV and V were started on the experiment 8 weeks after the firsts three groups 
but animals of all groups tvere inoculated simultaneously. 


Post mortem and histological examination. —^All the animals were systematically 
examined after death. The severity and extent of involvement of the several 
abdominal and thoracic viscera were recorded and representative samples of all 
the organs were taken for histological examination. The tissues were fixed in 
formalin and were processed through paraffin. All the tissues were stained with 
haematoxylin and eosin, and the Ziehl-Nielsen technique. On the basis of morpho¬ 
logical appearances, the lesions were arbitrarily graded as follows: (1) epithelioid 
(non-caseating) tulDercles, (2) caseating tubercles, (3) tuberculous granulation 
tissue, (4) miliary tuberculosis, (5) fibro-caseous tuberculosis, (6) calcifying tubercles. 

The severity in each type of lesion was assessed by the extent and the relative 
number of tubercle bacilli contained therein. 


Results. 


Growth curve. —The growth curves of guinea-pigs and rats are represented in 
Graphs 1 and 2. 

In the case of guinea-pigs (Graph 1), it was observed that the animals of 
the high protein group grew rapidly before infection, but after infection their body- 
weights ramained practically constant. This lack of growth after infection may 
be the result of infection or the normal decrease in the growth potential of the 
animals. On the other hand, the animals of the low protein group which were 
already growing slowly before infection continued to maintain the same low trend 
of growth even after infection. In the case of rats (Graph 2), the animals of all 
the groups maintained nearly, the same trend of growth before and after infection 
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Graph 1. 



12 3 4 5 6 7 8 9 W 11 12 13 14 15 16 17 IS 19 20 

Weeks. 


Mortality .—Examination of the results presented in Table II would reveal 
that the level of protein in the diet had no significant influence on the mortality 
and survival time of the infected guinea-pigs. Similarly, it would appear 
that the level of proteins in the diet had no marked influence on the mortality 
and survival time of the infected rats also. It is no doubt true that 19 animals in 
the 2 per cent protein group had died within the experimental period following on 
infection, but this could hardly be deemed significant considering that the mortality 
in this group even prior to infection was also nearly as high. These observations 
point to the lack of influence of protein level in the diet on the immediate mortality 
of experimental animals within seven weeks after infection. 

Graph 2. 
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Table II. 

Morialiiy and survival of experimental animals. 


Experiment.!! 

•inimal. 

Diet. 

Number of animats. 

MORTALITV AND 
SURVIVAL TI^!E 

before infection. 

MORTALITY AND 
SURVIVAL TIME AFTER 
INFECTION. 

Number of 
deaths. 

Days after 
commence¬ 
ment of 
experiment 
when deaths 
occurred. 

o . 

^ 53 

z 

Days after 
infection when 
deaths occurred. 

1 

( 

- 

, High-protein 

12 

1 

20 

5 

1 15,42,46,63,71 

Guinea-J 


Low-protein 

12 

2 

43, 58 

6 

1 3, 42, 47, 61,63, 

pigs ] 







72 

I 


Two per cent protein 

33 

14 

35,40, 40, 

19 

2, 2, 2, 5, 9, 10, 



i 



44, 46, 46, 


11,12, 13, 14, 






47, 48, 48, 


16, 16, 17, 17, 






57,57, 57, 


23,26,27, 29, 






61,62 


47 


■ 

Five per cent protein 

33 

mi 

.»» 

1 

25 



Eighteen per cent 







1 

protein 

33 

1 

41 

mi 

... 

Rats ■{ 

i 

High protein 18 per- 

22 

mi 


10* 

15,16,17,17, 



cent+low caloric 





18,19,21,22, 



vitamin A deficient 





25,34 

\ 

1 





3t: 

18,29,29 


♦ and t=Mortality in a control group of 16 animals simultaneously on the same diets was 6 
and nil, respectively. 


Ten animals on the low-calorie diet (group 5) had died within the experimental 
period after infection; in the same period 6 of 16 animals maintained on the same 
diet without infection had died. Evidently, therefore, restriction of calorie intake 
to 50 per cent of the normal level did not appreciably influence the immediate 
mortality in the period of seven weeks following on infection. 

Three animals on the vitamin A deficient group (group 4) had died within 
the experimental period after infection; in the same period none of the 16 animals 
maintained on the same diet without infection had died. This difference, however 
is perhaps not significant. 


Histological examination. 

Guinea-pigs .—^Animals from both groups showed varying degrees of tuber¬ 
culous infection of the abdominal viscera with mildest lesions. Regional lymph 
nodes were found to be enlarged to the size of a split pea. The spleen \ras 
moderately enlarged. Other abdominal and thoracic viscera showed practically 
very little involvement. In the moderately severe cases, the lesions in the Ivmnh 
nodes were somewhat more extensive and the abdominal viscera, notably the snleen 
and liver were found to be markedly enlarged and apparently caseating Only 
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in a few animals, a serofibrinous peritoneal exudate was seen. Macroscopically 
the thoracic viscera were very little affected. A few tiny superficial tubercles were 
seen over the lungs in most of the animals. 

Histological examination revealed that except for a few regional lymph glands 
which showed small caseating tubercles, all the other parenchymatous organs had 
extensive areas of tuberculous granulation tissue with practically no evidence of 
epithelioid tubercles, and caseation necrosis. The epithelioid and caseating 
tubercles in the lymph nodes and the granulation tissue contained very few 
tubercle bacilli. All these findings are in accordance with the primary type of 
lesions. Although the lungs showed no marked changes, there were small foci 
of tubercle granulation tissue with stray bacilli in almost all the animals examined. 

Both macroscopic and microscopic examination revealed no differences 
in the character, distribution and severity of lesions (Plate VII, figs. 1 to 4) or 
the number of tubercle bacilli between the high and low protein-fed groups. 
This is illustrated in Table III. It can be observed from the table that with regard 
to susceptibility to infection, as well as to the severity there was no difference 
between the two groups. 


Table III. 

Summary of histological findings. 


Ejcperi- 

mental 

animal. 

Diet. 

Number 
of animals 
inoculated. 

Number of 
animals 
infected. 

Distribution of sbvsfity of besions: 

Very mild. 

Mild. 

Moderate. 

Severe. 

Guinea- 

1 

High protein diet ... 

n 

10 


8 


2 

pigs 

1 

Low protein diet 

10 

9 

... 

5 

2 

2 

• 

1 

Two per cent protein 




a 




■ 

diet ... 

19 

8 


8 

... 

... 



Five per cent protein 








1 

diet ... 

33 

21 

6 

7 

8 

... 

Rats 


Eighteen per cent 








1 

protein diet 

32 

19 

2 ■ 

12 

0 

... 


1 

High protein (18 per 




- 




1 

cent) low calorie 








1 

diet ... 

22 

10 

3 


... 

... 

- 

1 

Vitamin A deficient 









diet ... 

22 

18 

... 

7 

8 

0 


Rats .—The data regarding the incidence and the severity of infection are 
presented in Table HI. Many animals in the 2 per cent protein group died 
early in the course of the experiment. The few that survived showed evidence o 
infection. About 60 to 65 per cent of the animals from all the groups except 
vitamin A deficient group were found infected whereas in vitamin A aencien 
eroup 81 per cent of the animals were found infected. But judging by the eJ^en 
and severity of the lesions the animals receiving 2, 5 and^ 18 per cent protein die s 
showed about the same degree of involvement. The picture was similar in c 
group receiving high protein low calorie diet, whereas vitamin A deficient amma 
exhibited a relatively more severe infection. As is to be expected with primary 
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infcctiorij the lesions ^vere mainly confined to a fc^v regional lymph nodes in the 
abdominal cavity. The spleen ^vas generally enlarged (2 to 3 times the usual 
weight) although no macroscopic lesions were observed. Macroscopically the 
liver ^vas practically normal. The diaphragm was found to have few tubercles. 
In all the animals the lungs were apparently normal. In the vitamin A deficient 
group the affected lymph nodes were larger and relatively more in number. 

Histologically, there were no obvious differences in die character and severity 
of lesions between the animals of all the groups except the vitamin A deficient 
group. The affected lymph nodes contained both epithelioid and caseating 
tubercles. It was not possible to draw any correlation between the level of dietary 
protein and die presence and c.\tcnt of cascadng lesions (Plate VIII, figs. 5,6 and 7). 
In vitamin A deficient group, hoivcvcr, the lymph nodes showed a more uniforni 
picture with relaUvcly large cascadng tuberculous lymph nodes (Plate VIII, fig. 8). 
Unlike the lesions obscn'cd in die guinea-pigs dicsc tuberculous nodes were filled 
with a large number of tubercle bacilli packed in the epitheloid cells and also in 
the form of large clumps in die centres of caseous masses. However, there did not 
appear to be any differences in the bacillary content of the tuberculous lesions of 
the several animals in a pardcular group or lietwecn the several groups. Even the 
vitamin A deficient animals showed a similar picture. The parenchymatous organs, 
especially the liver, lungs and spleen were involved to a mild degree compared with 
those of guinea-pigs. Extensive foci of tuberculous granulation tissue seen in 
the guinea-pigs were conspicuously absent in the ease of rats. Microscopically, 
the spread of infection in the animals was evident as seen by the small and tiny 
collection of macrophages containing tubercle bacilli. These differences between 
the rats and guinea-pigs might reflect species differences in the response to infection. 
But as in the case of guinea-pigs there was no gross or histological differences between 
the group of rats receiving various levels of proteins or calorie deficient diet. 
Although the same type of lesions were observed in the vitamin A deficient group 
they were somewhat more extensive. 

The results with rats also confirm the finding with guinea-pigs that the level 
of dietary protein has hardly any influence on the susceptibility to primary type of 
infection. The same conclusion emerges in the case of calorie deficiency. How¬ 
ever, vitamin A deficiency seems to increase the susceptibility of rats to tuberculous 
infection. 


Discussion. 

In the present study, it has been shown that the level of protein in the diet 
had no appreciable influence on the resistance of guinea-pigs and rats to tuberculous 
infection, or on the mortality within seven to twelve weeks after infection. It would 
however, be unjustifiable to conclude from this that protein nutrition has no in¬ 
fluence on the course of tuberculous infection. In the first place, these observa¬ 
tions pertain to ‘ primary ’ infection and not to ‘ reinfection ’. Secondly these 
'studies deal only with the immediate or short-term effects of infection Nitrogen 
metabolism studies have shown that the level of protein in the diet has no influence 
on the extent of negative nitrogen balance which inevitably follows infection 
(Grossman et al., 1945). Dunng the period immediately following on infection. 
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therefore, marked differences between animals on high protein diet and those on 
low protein diet might not be expected. Nitrogen metabolism studies performed 
several weeks after infection had, however, shown that animals on the high protein 
diet tend to recover from the negative nitrogen balance phase immediately follow¬ 
ing on infection, much earlier than those on the low protein diet (Narasinga Rao, 
and Gopalan,/or. «Y.). It might, therefore, be expected that the influence of the 
lack of protein in the diet would be more apparent in the long term studies. 

In the present investigation, restriction of calorie intake to 50 per cent of the 
normal consumption did not significantly influence the resistance of rats to tub¬ 
erculous infection or the mortality. These- obervations again pertain to the 
immediate effects of infection. Dubos (1955) had also observed that chronic 
starvation, unlike intermittent starvation, had no marked influence on the develop¬ 
ment of tuberculosis in mice. The influence of more drastic restriction of calories 
was not studied in the present investigation. 

The histological studies indicated that among rats on the vitamin A deficient 
diet the incidence of infections was considerably higher and the lesions also more 
extensive than in the control group. It would appear from this that vitamin A 
may play some part in determining the resistance to tuberculous infection, a 
conclusion which is in line with the observation of Finkelstein (1932). The role 
of other vitamins remains to be elucidated. 


The authors are grateful to Dr. D. S. Chandrasekhar, Pasteur Institute, 
Coonoor, and Mr. B. S. Narasinga Rao, Nutrition Research Laboratories, Coonoor, 
for their help in the course of this investigation. The authors’ thanks are due^ to 
Mr. Maria Susai for the technical assistance and to Mr. A. Xavier in the preparation 
of the photomicrographs. 
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MODE OF ACTION VITAMIN D. 

HEALING OF EXPERIMENTAL RICKETS BY STARVATION 
AND ASSOCIATED BIOCHEMICAL CHANGES. 
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Coonoor, S. India.) 

[Received for publication, March 18, 1957.] 

McCollum et al. (1922) observed the deposition of calcium salts in the 
epiphyseal cartilage of rachitic rats when the latter were starved for 3 to 5 days. 
They also reported that the process was identical with that observed when cod- 
liver oil was fed to rachitic rats. Both the above treatments brought about the 
formation of the zone of provisional calcification leading to the healing of rickets. 
Weinmann and Schour (1945) have reported a similar observation on the dentine 
of rachitic rats in whom calcification was resumed when the animals were starved 
for 48 hours or longer. The formation of new alveolar bone in the upper jaw 
of normal rats in whom the upper molar teeth had been removed was observed 
by Glickman (1945) when the rats were subjected to acute starvation. It appears, 
therefore, that starvation acts as a stimulus to calcification, even restoring the 
process where it has been interrupted as in induced rickets. 

The fact that such diverse treatments as the administration of vitamin D, 
or of citrate (Shohl, 1937) or starvation alone bring about the healing of rickets 
is in itself of sufficient interest to deserve careful study. Ramalingaswami et al. 
(1954) have demonstrated by histochemical techniques that the changes taking 
place in the rachitic epiphyseal cartilage of the albino rat during healing caused by 
the administration of vitamin D or citrate were essentially similar. Sriramachari 
et al. (to be published) have further observed that somewhat similar 
changes are initiated by starving rachitic rats for about 48 hours. It should be 
clear, therefore, that whatever be the agent which sets in motion the mechanism 

( 113 ) 
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Graph 1 . 



0 12 24 48 

Hours starved. 

Effect of starvation on the total P and citrate content of rachitic rat cartilage. 

(Figures on top of the column indicate the number of animals.) 

Influence of starvation on the plasma citric acid of rachitic and stock control rats ,— 
The plasma citrate of the rachitic rats increased considerably during starvation 
as shown in Graph 2; the increase being over four-fold after 36 hours of fasting, 
the initial and final values being 8-24^:; 1*34 and 36*54i5'36 mg. per 100 c.c. 
plasma, respectively. The plasma citrate of stock rats of the same age starved 
for similar periods also showed a significant rise, although not as sharp as was 
observed in the rachitic animals. Harrison (1953) and Joshi, Dikshit and 
Patwardhan (1957) have reported that the plasma citrate level is considerably 
lowerd in rickets and that it is elevated after vitamin D administration. Similar 
findings in rachitic rats subjected to starvation which are now reported are of great 
interest. 

Discussion. 

The present investigation was undertaken with a view to studying the 
mechanism of healing of rickets induced by starvation and comparing the results 
with those obtained by the administration of vitamin D and citrate in rickets. It 
was felt that such a comparison would considerably improve our understanding of 
the process of calcification. As shown by Gutman and Gutman (1941) and 
Ramalingaswami et al. [loc. cit.) it would appear that the process of calcification is 
interfered with in rickets due to a disturbance in carbohydrate metabolism in the 
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0 12 24 36 48 

Hours starved. 

Influence of starvation on the plasma citric acid content of normal and rachitic rats. 
(Figures on top of the column indicate the number of animals). 


rachitic cartilage itself. That such a disturbance in fact occurs in vitamin D 

“"I™''* by ‘he observations of Tulpnle and pISSnS 
(1954) who found that rachitic rat cartilage had a diminished canaritv 
pyruvate. The fact that the administration of citrate to rachiti^Ss ha^in? 
healing with histochemical changes in the epiphyseal cartilage similar m ^ 
observed on vitamin D administration led tn the ruiage similar to those 

disturbance in carbohydrate metabolism in vitamin D deficiency 3d°be b^f 
the pyruvate and citrate stages. This was confirmed by dS? 5 

Patwardhan [loc. at.) who observed a low citrogenase activltv nnd ’ / 
content in rachitic cartilage. The enzyme actiwtv Iner ^ ^ ^ citrate 

per cent even within 24 hours after admhiisteiing vhaiSS D Simik°"^ 
obtained in experiments with rachitic dogs (ToSii dSip' results were 

cit.). These results lend strong support to the hvnntliPc-^^fh ^^atwardhan, loc. 
down of the formation of citrate in the epiphyseal ^ slowing 

respo„s.b.e f„. d.e faa„„ of calcmcadop. S 
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Text-figure 2. 
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of vitamin D, citrate and starvation in the healing of rachitic 

Summary. 


1. Young albino rats were fed a rachitogenic diet for 21 days and then were 
starved up to a period of 48 hours. Observations were made during this period 
on the healing of rickets, changes in citrogenase activity and citrate and total 
phosphorus in the epiphyseal cartilage. 

2. Starvation induced healing of the rachitic lesion; maximum healing 
was observed at 48 hours. 

3. The healing process was unaccompanied with increases in citrate or 
citrogenase activity in the epiphyseal cartilage. The total P content of the latter, 
however, increased significantly up to 36 hours. 

4. Starvation of rachitic rats caused a fourfold increase in the plasma 
citrate. 

5. The significance of the above findings has been discussed. A tentative 
hypothesis of a common pathway of action of starvation, citrate and vitamin D 
in the healing of rickets has been presented. 


The authors have pleasure in acknowledging with thanks the expert statistical 
assistance rendered by Dr. A. D. Taskar, One of us (J.G.J.) is grateful to the 
Indian Council of Medical Research for the grant of a Research Fellowship which 
enabled him to participate in this investigation. ^ 
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Though a considerable volume of literature on various aspects of the syndrome 
of protein malnutrition, known as ‘ Kwashiorkor has accumulated, reports of 
detailed and long term follow-up studies of cases of this disease appear to be scarce, 
Altmann (1950) reported the results of a follow-up of 18 cases of the disease, but 
the duration of the follow-up did not exceed two years in any case. Ramanathan 
ei al. (1955) followed up one hundred cases of kwashiorkor for periods ranging 
from 6 months to 5 years after discharge from the hospital; the study was mainly 
intended to find out the true incidence of relapses in the disease and did not include 
investigation of the histopathological features of the liver. Achar (1956) carried 
out a follow-up investigation, including liver biopsy studies, of 17 cases for 4 to 8 
years after discharge from the hospital. Suckling and Campbell (1957) have 
reported a study of a five-year follow-up of 27 children with kwashiorkor in 
Gape Town, 

Complete investigation, including liver biopsy studies of cases of kwashiorkor, 
followed up for several years, might be expected to throw light on the significance 
of the liver changes which constitute a striking feature of the disease in its acute 
stages. The occurrence of profound changes in the liver in cases of kwashiorkor, 
and the relatively high incidence of cirrhosis of the liver in regions where protein 
malnutrition is widespread, have to led to the speculation that kwashiorkor in 
childhood might lead on to cirrhosis of the liver in later years. The question of 
the relationship between kwashiorkor and cirrhosis is linked with the fundamental 
problem of the exact relationship between parenchymal damage and mesenchymal 
proliferation in the liver and the precise r&le of protein malnutrition in both these 
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phenomena, A careful long term follow-up study of cases of kwashiorkor might 
be expected to contribute to the elucidation of these problems. 

Material and methods. 

Fifteen children between the ages of 2 and 10 years formed the subjects of 
this investigation. All the cases had suffered from kwashiorkor at periods ranging 
from 9 months to 8 years before the present investigation. During the period 
when the cases were actually suffering from kwashiorkor, they had been admitted 
to the hospital and investigated by us. They were treated for 4 to 6 weeks in 
the hospital with a diet supplying 60 g. protein in the form of skim milk and 1,400 
to 1,500 calories daily, and discharged when the oedema and the acute symptoms 
had subsided. At the time of the discharge, the mothers of the children were 
advised about the proper feeding of the cWldren. It may be mentioned here, 
however, that for various reasons, the mothers were not able to follow this advice 
for long, and sooner or later the children reverted to their usual dietaries. Thirteen 
of the 15 children had been investigated in the earlier follow-up study also 
(Ramanathan et at., loc, cit.). 

In the present study, a complete clinical examination of the children was 
carried out. Heights and weights were accurately recorded. Total serum protein 
concentration as well as serum albumin concentration were determined by the 
micro-Kjeldahl procedure. Twenty-eight per cent sodium sulphite was used to 
fractionate the albumin (Cohn and Wolfson, 1948). Serum cholesterol levels, 
total as well as the ester fraction, were determined by Bloor’s method. A complete 
haematological examination, which included the red cell count, packed cell 
volume and haemoglobin determinations, was carried out. 

Liver biopsies were performed through the transthoracic route using the 
Vim Silvermann needle with the usual precautions. The biopsies were done 
1 to 2 hours after breakfast. The liver specimens obtained were fixed in 10 per 
cent formal saline and processed through paraffin. Sections were stained by 
haematoxylin and eosin and for reticulum by silver impregnation. Whenever the 
specimen was long enough, a portion was fixed in absolute alcohol and processed 
through carabowax for the histocheraical demonstration of glycogen and alkaline 
phosphatase as described by Sriramachari and Ramalingaswami (1952). 

Two cases which showed changes characterized by a moderate degree of 
protein deficiency type of vacuolation were administered a daily supplement of 
30 g. protein in the form of skim milk for a period of 45 days and the investigations 
including liver biopsies were repeated. 

Results. 

The results of the investigation are set out in Table I. 

On careful questioning, it was found that two of the fifteen children had 
had a relapse of kwashiorkor subsequent to the first attack and obtained treatment 
for the same elsewhere. The relapses had occurred within 6 months after the first 
attack in case No. 3, and within 15 months after the first attack in case No. /. 
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Table 


Clinical and biochemical findings in 15 ‘follow-up ’ cases of kwashiorkor. 


Case 

number. 

Height as per cent 
of normal*. 

Weight as per cent 
of normal*. 

Moon face. 

Skin changes. 

Hair changes. 

Liver: 

Sere 

tM ruOTEINS: 

Serum 

CIIOLE! 

sterol; 

1 

Enlargement. 

Protein defi¬ 
ciency vacu- 
olation. 

Mesenchy¬ 
mal reaction. 

Total. 

Albumin. 

Globulin. 

Total. 

Ester. 

Free. 

1 1 

f 

97 

104 ! 

-t- 

- - 


__ 

1 ± 1 

4' 

6-7 

4-0 

2-7 

1 _ 

.- 

_ 

2 1 

100 

97 1 

+ 

4- 

+ 

-- 

1 + i 

— 

9-1. 

4-2 

4-9 

210 

160 

50 

3 i 

94 

76 

+ 

+ 

1 4- ' 

4- 

4- 

—. 

7 7 

3-9 

3-8 




4 1 

87 

81 < 


-h 

— ! 

4- ! 

4- ^ 

4~ 

7-7 

2-6 

5-1 

232 

163 

69 

5 1 

1 97 

100 

— 


— 


4- 

—- 

7-5 

3-2 

4-3 

1 220 

150 

70 

6 

i 96 

100 

_ 

_ 

_ 

__ 

4- i 

— 

7-3 

4-0 

3-3 


-- 

1 - 

7 1 

' 92 

79 

-f 

+ 


__ 


1 — 

7-3 

3-3 

4-0 

90 

50 

40 

8 

95 

82 

+ 

+ 

+ 

— 

4- 

; — 

7-3 

3-9 

3-4 

90 

60 

30 

9 

95 

81 

+ 

+ 

4- 

— 

— 

— 

7-5 

4-6 

2-9 

266 

191 

75 

10 i 

93 { 

i 95 

+ 

+ 

4- 

' — 

+ 

— 

8-0 

5-3 

2-7 

216 

150 

66 

11 

105 

141 

— 

•f 

■ - 

j -- 

— 

1 — 

80 

4-2 

3-8 

220 

130 

90 

12 

103 

95 

— 

+ 

— 

— 

4- 

1 _ 

8-3 

4-4 

3-9 

225 

160 

65 

13 

102 

99 

— 

1 

! _ 

— 

4- 

1 — 

8-3 

4-4 

3-9 

212 

145 

1 67 

14 

92 

113 

-f 


— 

' - 

± 

4- 

6-9 

4-4 

2-5 

170 

100 

70 

15 

93 1 

83 

+ 

+ 


— 

4" 


7-8 

4-6 

3-2 

170 

100 

! 

70 


♦The ‘ normals ’ referred to here are the community averages and are not truly normal. 


Clinical.—mho. height and weight records revealed that only 9 out of 15 
children approached the averages observed for apparently healthy children of 
the same socio-economic group (Rao et al., 1954). It must be pointed out, 
however, that even these so-called averages for the apparently healthy children 
are considerably below the accepted Western standards. Six children exhibited 
considerable sub-normal growth as judged by the local averages pertaining to'the 
socio-economic group. 

Abnormal prominence of the cheeks of the type designated as ‘ moon face ’ 
(Gopalan et al., 1954; Venkatachalam et al., 1954) was present in five of the 
6 children exhibiting marked growth failure. Signs of vitamin deficiencies were 
surprisingly absent in all but one child, who showed Bitot spots. "Varying degrees 
of follicular hyperkeratosis were, however, encountered in 6 of the 15 children 
investigated. The liver was enlarged in two children both of whom had exhibited 
such enlargement even during their first examination at the time when they were 
admitted with kwashiorkor. On palpation, the livers in these two cases appeared 
firm and smooth. 


Biochemical .—Serum protein levels were generally in the normal range. 
Serum albumin concentration was somewhat reduced in 3 cases (Nos. 4 5 7)* 
while the serum globulin concentration appeared slightly elevated in 4 cases 
(Nos. 2, 4, 5 and 7). Two children who showed low serum albumin levels also 
exhibited moon face and .growth failure. Of the three children who showed a 
very mild degree of mesenchymal reaction in the liver, one (case No 11 hart 
normal serum chemistry. The second child (case No. 4) showed an abnormal 



LEGENDS TO FIGURES. 


Fig. 1. Section of a liver biopsy showing severe degree of cytoplasmic 
vacuolation of the protein deficiency type. H & E XlOO. 

Fig. 2. Section of a liver biopsy with severe liver cell vacuolation 
showing an intense alkaline phsophatase reaction, particularly 
in the vicinity of the sinusoids. Gomori alkaline phospha¬ 
tase X100. 

Fig. 3. Section of a liver hiopsy showing cytoplasmic vacuolation of 
the protein deficiency type and a very tiny focus of cellular 
infiltration. H &. E X100. 

Fig. 4. Section of a liver biopsy in the same case as in Figure 3 
repeated after high protein therapy. The cytoplasmic 
vacuolation has disappeared. H & E X100. 

Fig. 5. Section of a liver biopsy from the same case as in Figure I, 
showing a normal reticular framework. Gomoris reticu¬ 
lum X100. 

Fig. 6. Section of a liver biopsy showing a tiny cluster of mesen¬ 
chymal cells around the portal tract. The parenchymal 
cells show varying degrees of cytoplasmic vacuolation. 
H&ExlOO. 



Inr!. Jorn. Mt<i. AVt.. .jfi, 1. J.iminry, lO-ifi. 


Plate IX. 
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yrnun pioirin jiatinn ilic plohiilms u< n aiai (he albumin low. The ratio 
office (f> total flinlcMcio], !unvcv<-r, w.c, i;< i:i. ;l. In (he tliird child (ease No. 14) 
while tile serum pintcin p.tiiition v..i<. ni !ir,.i!, tla- cholesterol esters formed only 
oD per rent nf the toi.il as aitaiiiM the niiin, d Lx'l to 70 per cent. It is interesting to 
note, however, that the piotein int.il.< iii ih< se ihicc children (calculated as g. 
JJcr ):g. of body weight) is in no was u nt bom the protein intake of the other 
children in tliesc scries. 

Total serum cholesterfil values r.uiged irom 90 to 266 mg./lOO c.c. (mean: 
193-'I) and the values for the ester fraction ranged from 50 to 163 mg./lOO c.c. 
(mean: 129*6). These are in close .igreement with the figures obtained by 
llanianathan (1955) in 12 normal children of the same age and socio-economic 
group, but .-ire considerably higher th.m those seen in children during the acute 
•Stages of kn*.a.shiorkor (RanianniJian, Av. <//.). The levels, however, appear to be 
generally higher than those reportc-d by Hehrendt (1949) for normal Western 
children of the same ages. 

Diet suiweys carried out by oral questionnaire on 11 of the eases indicated 
that the children' were getting diets providing a daily caloric intake of 50 to 130/kg. 
and a daily protein intake of 1*3 to 2*4 g./kg. (mean: 1*85) almost completely 
derived from vegetable sources. On tiic basis of body-weight, the protein intake 
of the childern might not be considered too inadequate. However, in view of the 
fact that there was evidence of considerable growth failure in most of the cases, an 
apparently adequate intake on the basis of body-weight could hardly be considered 
to meet the alrsolutc protein requirements of these children. The calcium intake 
w’as of the order of 364 mg. and the iron intake of the order of 14*6 mg. daily. 

Histological .—Histological e.\amination of the liver biopsy specimens yielded 
the following results: Ten out of 14 sections contained one or more central 
veins and portal units. In the remaining five, the lobular relationships could not 
be ascertained as the specimens were rather small. In three specimens, the 
hepatic parenchyma was apparently normal. These included the livers of two 
children who were receiving nearly 30 g. of protein (derived from skim milk) as 
a supplement from the local church. The other twelve showed varying degrees of 
cytoplasmic vacuolation resembling the so-called plant cell-like appearance seen in 
malnourished livers (Gillman and Gillman, 1948; Sriramachari and Ananthachari 
1954). There was generalized swelling of liver cells associated with a reduction of 
the cytoplasmic mass and the nucleus was centrally situated (Plate IX, fig. I) 
Fatty infiltration of the liver which is an outstanding feature of the acute phases of 
kwashiorkor (Sriramachari and Ramalingaswami, 1953) was practically absent 
in all the specimens. Sections stained by the periodic acid SchifF procedure 
revealed very small quantities of glycogen. Thus, the vacuolation was neith ’ 
attributable to fat nor to glycogen but probably represented a protein defici 
type of vacuolation of the liver cells (Ramalingaswami et al., 1954), Jn 
of the sections showing severe degrees of vacuolation, histochemical reacti 
alkaline phosphatase was found to be increased (Plate IX, fig. 2). Thei * ^ 
of reaction was most marked in relation to the sinusoids and is probablv”;^^”*^^ 
the mild degrees of intrahepatic obstruction caused by the swollen na ^ ^ 

cells. In the two cases where the liver biopsy was repeated after reb^^r 
with high protein therapy the protein deficiency type of cytoplasm' 

V nne vauolation 
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completely disappeared (Plate IX, figs. 3 and 4). This gives added proof that the 
cytoplasmic vacuolation described in the present series of biopsies is a manifestation 
of a mild degree of chronic protein deficiency. 

Mesenchymal changes were conspicuously absent in 12 specimens, and the 
reticular framework of'the liver was practically normal (Plate IX, fig. 5). In 
three specimens, however, a very mild degree of mesenchymal , change was 
noticeable. In these cases, small clusters of mesenchymal cells were seen 
occasionally around the portal tracts and also within the lobules (Plate IX, fig. 6). 
However, in neither of these cases was there any evidence of increase of extracellular 
connective tissue fibres./ The two cases which showed this very mild mesenchymal 
reaction also were those that exhibited minimal parenchymal change. 

There was no correlation between the presence of mesenchymal changes 
and the clinical enlargement of the liver. 

Discussion. 

At the time of the follow-up, the dietary pattern of the children investigated 
was nearly the same as at the time of their first admission with symptoms of 
kwashiorkor. Evidently, under the compulsion of economic factors, it was impossible 
for the mothers to effect the dietary changes recommended to them. It was 
interesting that despite this lack of improvement of the diet only 2 of the 15 
children have suffered from relapses. This lends further support to the view that 
in the actual development of the syndrome of kwashiorkor, dietary inadequacy 
of protein may not be the sole determinant (Gopalan and Ramalingaswami, 1955). 
The superimposition of acute infective episodes is probably necessary to tip the 
children into the florid state of kwashiorkor; in the absence of such episodes the 
children might be able to maintain themselves in a state of mild or marginal 
malnutrition as evidenced by the growth failure, the moon-face and the hypo- 
albuminaemia in several cases. Indeed the growth failure observed in these cases 
may actually be a means of adaptation of the organism to the protein inadequacy. 
A suggestive evidence in favour of this view was that while the body-weights of 
some of the children investigated here were definitely lower than even the averages 
obtaining for the apparently normal children of the same soeio-economic group, 
and while the absolute daily ditary intake of protein was considerably less than 
the accepted normal allowances of children of comparable age, the protein intake 
considered in relation to the body-weight approached the recommended figure. 
The freedom from fresh attacks of frank kwashiorkor in a majority of the cases 
investigated, in spite of continuing dietary protein inadequacy, may be attributable 
to a relative diminution in protein requirement and relatively greater immunity 
to infections in the latter years of childhood. A survey of the morbidity of infante 
and children actually indicates that the period between 1 and 3 years is the period 
of maximal incidence of respiratory and alimentary infections in childhood, 
beyond the third year there is an appreciable decline in the incidence of these 
infections. 

/ An important finding in the present investigation was that none of the cases 
revealed evidence of hepatic fibrosis, y Although structural and functional damage 
of the liver in acute phases of kwashiorkor has long been recognized, it is no 
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known whether this leads to progressive or permanent liver changes. The present 
study in which eases had been followed up to periods extending to 8 years after the 
initial attack of kwashiorkor, revealed that fatty infiltration of the liver, a central 
feature of kwashirokor, was absent in all eases. Even so, 12 of the 15 livers 
examined ^vcrc not entirely normal but showed evidence of parenchymal damage 
attributable to protein deficiency. It is probable that this change is not a sequel 
to the attack of kwashiorkor but is independent of it. The striking absence of 
fibrosis in all cases indicates that in spite of the profound morphological changes 
in the liver at the height of the disease, kwashiorkor is not followed by permanent 
or progressive hepatic fibrosis eventuating in cirrhosis. These findings are in 
close agreement with those of Achar {loc. cil.). Suckling and Campbell {loc. cit.) 
and supported by the autopsy and biopsy studies of Higginson et al. (1957), who 
have concluded that fibrosis and cirrhosis rarely follows the fatty liver found in 
kwashiorkor. Brock (1954) has also commented, that the possibility of adult 
cirrhosis arising from kwashiorkor as a direct and necessary sequel must be regarded 
as unlikely. Altmann (Joe. cit.), however, found evidence suggestive of imperfect 
recovery of the liver in nearly all the 18 cases he followed up. Six of them, in 
addition, showed abnormal cellular reaction in the portal tract. But evidence 
of frank cirrhosis was absent. Waters and Waterlow (1954) had also concluded 
that low grade nutritional liver injury' of the type encountered here is by itself not 
sufficient to cause widespread fibrosis of the organ. This investigation supports 
the view that there is no direct relationship between the incidence of kwashiorkor 
and adult cirrhosis in a community. 


Summary. 

1. The results of the follow-up study of 15 cases of kwashiorkor are presented. 
The investigation included a histopathological examination of the liver biopsy 
specimens of all these children. 

2. Protein-deficiency type of vacuolation of the liver cells, which could be 
corrected by dietary protein supplementation was the predominant finding. 
Evidence of increased fibrous tissue formation was significantly absent. 

3. Liver function, as judged by the serum albumin and serum cholesterol 
levels, appeared to be unimpaired. 


The authors are grateful to Dr. M. K. Ramanathan and Dr. (Miss) V. T. 
Jayalakshrni for helping with the liver biopsies and to Miss S. Pasricha, for helping 
with the diet surveys. The authors’ thanks are due to Mr. Maria Susai for the 
technical help in carrying out the histological work. 
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Introduction. 

The Pedalling Ergometer is a convenient apparatus for studying the physio¬ 
logical responses of human beings during exercise. If the design is satisfactory, 
it has many advantages as compared to other devices commonly used for work 
function tests, such as the tread-mill, stepping stool, etc. For example, this type 
of ergometer has minimum energy losses, and its grades of exercise are fixed, 
reproducible, and chosen with ease. In addition, prolonged exercise at moderate 
grades can be performed by a subject at constant rates without fatigue, and the 
caloric consumption of the person remains proportional to the exercise within a 
wide range. Physiological measurements are also facilitated because of the 
immobility of the upper portion of the body. 

The early pedalling ergometers utilized a friction belt strapped around the 
rotor wheel as the brake, the mechanical torque being indicated by a pair of spring 
balances. The inherent disadvantages of this type of ergometer are; (a) Inaccuracy 
and lack of sensitivity of the spring balances available, {b) the difficulty of setting 
the desired grade of exercise, and (c) the slackening of the belt due to wear. 
However, a recent design by von Dobeln (1954), using the sinus balance technique, 
facilitates setting and measurement to a great extent. ’ 


♦Condensed from Industrial Health in India Series No. 70. 
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_ In the Krogh (Krogh, 1913, described by Rao, 1945} ergometer in which the 
principle of eddy currents is used for braking, electrical energy is used for varying 
the grade, and the torque is measured by means of counter-balancing lever and 
weights. Although this design is one of the first with which accurate measurements 
of the torque could be made, it has the drawbacks that the procedure for setting a 
grade of exercise is elaborate, and the criterion of satisfactory performance is sub¬ 
jective. In order to avoid these difficulties, the work may be converted into an easily 
measurable form of energy, as, for example, electrical energy. This electrical 
energy output may itself be measured to specify the grade of exercise. Ergometers 
based on this principle have been made by Kelso and Hellebrandt (1934), Meneely 
and Kaltreider (1941) and Tuttle and Wendler (1945). Muller (1952) has 
described the conditions governing good pedalling ergometers. He has also presen¬ 
ted the details of construction of one in which a fiat copper ring rotating between 
the poles of a strong permanent magnet provides the brake. 

In this Laboratory a pedalling ergometer suitable for low grades of exercise 
which could be easily preset, maintained constant, and reliably reproduced, has 
been constructed. 


Principle. 

The conversion of the work performed by the subject into electrical energy 
is achieved by coupling a dynamo to the crank pedal. The efficiency of such a 
conversion is usually more than 90 per cent. When a load is connected to the 
generator the power dissipated is a measure of the work performed by the human 
subject, or, in other words, the physiological stress varies directly as the power 
dissipated in the external circuit of the generator. The output of a generator 
depends upon the speed of rotation of the armature, the magnetic flux of the field 
and the electrical resistance of the external circuit. Variation of any one of these • 
leads to different exercise grades. 

Generally, continuous work at a rate of 90,000 ft. Ib./hr. is considered to be 
strenuous for a human being (Brandt, 1947). In terms of electrical units this is 
equal to 33-9 watts. Therefore, the total capacity of the generator used need only 
be of this order. It is, however, advisable to use a generator of comparatively 
higher capacity in order to avoid probable heat effects. 

Construction and calibration. 

Text-figure 1 of the ergometer illustrates the details of construction. Special 
attention has been given in the design towards the reduction of friction and 
inertia by the use of ball bearings for the wheel shaft, a light aluminium pulley for 
coupling the generator, a flywheel on the generator shaft for facilitating smooth 
revolution and by proper spacing and mounting of the components for stability and 
non-vibration. The speed of pedalling is readable on a revolution indicator attached 
to the dynamo shaft. 

The generator used in this ergometer is the CAV automobile dynamo [type 
D45DN (NV)] whose field coil is excited by the D.C. mains through a series 
resistance. The output voltage of the dynamo is 12 volts and this inay be 
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dissipated either by 12V automobile lamps of different waltagcs or by wire-wound 
rcsislanccSj whose values arc chosen such that the power consumption increases 
in uniform steps. The electrical connections arc shown in Text-figure 2:— 

Text-figure L 

A peJalling ergomeUr with a Aynamo brake. 



To mark time and to help synchronize the pedalling rate with a metronome, 
a 12 V electric bell is included in the output circuit, A spring strip on the pedal 
crank acts as a switch for the bell, which makes a tinkle at every push of the pedal. 

In this type of ergometer, the output wattage, or in other words, the work- 
stress, for any suitable external load can be varied either by changing the pedalling 
frequency or by altering the field magnetization current. Using both these 
methods, the performance of the ergometer has been extensively tested and 
calibrated. The study of its output characteristics under different conditions and 
with different human volunteers pedalling it, yielded the following results:-_ 

(1). The lamp resistances do not give uniform wattage steps, despite 
their being uniform by rating. The wire-wound resistances, however, have 
linear load—output relationships for all pedalling frequencies. 
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Text-figure 2. 

Circuit diagram of the lamp and resistance loads used with the ergometer. 



M'' 

FROM 

DYNAMO 


(2) . Low field magnetization currents give a more pronounced linearity; 
but there is a lower limit since too low currents fail to give adequate workload 
stresses in the desired range. 

(3) . There is an optimum pedalling frequency at which the wattage is 
constant for different voltage outputs. Working near this optimum would result 
in negligible variations of the wattage output despite small fluctuations in the 
constancy of pedalling rates. 

(4) . It is possible to obtain higher outputs than the maximum designed 
for by enhancing the pedalling frequency in suitable steps. For example, the 
Graph shows how the output wattage, with a resistance load in circuit, rises along 
a parabolic path when the pedalling frequency is increased. 

(5) . Repeated test-runs with different volunteers yielded consistent results, 
thus giving an assurance of the reprod cibility and reliability of the present 
design. 

This ergometer provides five resistance load steps dissipating 2, 4, 6, 8 and 
10 watts, with an optimum pedalhng frequency of 60 rpm and a field current of 1‘3 
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amps. (Graph, dashed line). Outputs beyond 10 watts, up to a maximum of 32 
watts, arc achievable by increasing the pedalling frequency. 

\ 

Graph 1. 

Output in watts \*s. pedalling fnquency Jot o fixed Tesistame had. 



Discussion. 

The working of the ergometer is quite simple, the main criterion of its satis¬ 
factory performance being the pedalling frequency. This is subject to the control 
of the human operator who is required to synchronize the electric bell on the 
ergometer with the metronome. The revolution indicator mounted on the 
handle-bar is a further guide to uniform pedalling. It is found that optimum 
operating speeds can be easily maintained by the volunteers for prolonged periods 
of time at the loads used. Even an untrained subject can quickly achieve and 
maintain a constant rate of pedalling with the help of the simple accessories 
provided. One of the tests has shown that small departures from constancy of the 
optimum pedalling frequency do not affect the output voltage significandy. 
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A notable feature is that the changing of load steps is made easily, without 
disturbing the volunteer, by changing the jack-pin to the proper socket. The tests 
of calibration performed in the series of experiments clearly indicate the ease of 
reproducibility of the load steps. The output is independent of the volunteer and 
remains constant as long. as the condition of optimum pedalling frequency is 
maintained. Therefore, continuous wattage measurement is u■nnecessar)^ How¬ 
ever, plug-in sockets for a voltmeter and an ammeter are provided to enable 
periodic checking of the calibration. 

This electrical pedalling ergometer is superior to the conventional friction 
type of ergometer in the matter of setting the loads and reproducibility. Moreover, 
it compares favourably with other designs using the principle of dynamo braking, 
such as that of Kelso et al. {loc. cit.). The essential departure here from the design 
referred to above is the use of separate resistance steps for the different loads. 
This renders the setting easy and independent of the human element. Obtaining 
different load steps by changing the pedalling frequency and/or the field magnetiza¬ 
tion current as in their case is not a simple procedure. For, the handling of the^- 
large field currents involved and the maintenance of odd values of pedalling 
frequency make this technique unsafe and difficult. Besides, voltmeters and/or 
ammeters, a matter of necessity in that design become superfluous in this case. 
The calibration is also simple in comparison and need not be repeated often. 

Muller {loc. cit.) and Lehmann (1957) have pointed out that the heat losses 
in the dynamo may introduce a factor of uncertainty in the output due to the 
temperature coefficient of resistance of the copper windings. The use, however, 
of a comparatively large capacity generator, as in .the present instance, for 
yielding a low output precludes this difficulty almost totally. And this is evident 
from the observation that the output wattage is maintained constant over prolonged 
periods of performance. 

A preliminary study of the metabolic cost for the performance of different 
grades of exercise on this ergometer was made for four volunteers by the oxygen- 
consumption method. On the average, the oxygen consumption held a linear 
relation with the work grade, thereby indicating satisfactory correlation between 
the physiological work stress and the electrical wattage output. 

A difficulty common to all pedalling ergometers is the unaccounted mecha¬ 
nical losses in the transmission system. In addition, ergometers^ using dynamo 
braking have some electrical losses due to normal armature reaction, etc., in the 
dynamo. As the total losses in this machine have not been determined, no 
conclusion regarding the absolute work output of the volunteer can be made at 
this stage. The measured wattages, however, are almost fully a measure of the total 
work done. For, literature shows that the total losses in a carefully designed 
pedalling ergometer of this type are of the permissible and accepted order of 5 
per cent. It is, therefore, apparent that the application of this ergometer would be 
most satisfactory where relative physiological studies are to be made. 

This ergometer is chiefly designed to provide low grades of physical exercise 
for stress physiology experiments. Human volunteers can perforin at these levels 
for long periods without getting excessively fatigued. In the higher grades ol 
exercise, however, there is a limitation placed by the incapacity of the human 
volunteer to maintain constantly high pedalling frequencies for long periods. 



L. Ramanathaii, M. S. Chakravarihy and R. jV. Mukherjee. 135 

It may be noted that materials and equipment that arc used here are readily 
available and inexpensive; the total cost being only about Rs. 500/-. 

Summary. 

1. A pedalling ergometer is designed and constructed to meet the need for 
a machine suitable for prolonged exercise against low grades of work with a high 
degree of reliability, reproducibility and ease of operation, 

2. For adequate calibration, various tests are designed and carried out. The 
ergometer, as designed and constructed can be used to provide work load stresses 
corresponding roughly to 4, 10, 13, 14, and 15 Avatts in the case of lamp loads, 
and 2, 4, 6, 8 and 10 watts in the case of resistance loads with a pedalling frequency 
of 60 rpm. The resistance loads give more uniform steps than the lamp loads. 
They can also be used to give higher work loads than mentioned above up to a 
maximum of 32 watts. Preliminary studies of the oxygen consumption of 
different volunteers at the different loads indicate the proportionality between 
work load and metabolic cost. 


The authors express their gratitude to Dr. M. N. Rao for his kind interest 
and encouragement in the project. Financial assistance of the Indian Council of 
Medical Research for the construction of the ergometer is also thankfully 
acknowledged. 
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Introduction. 

Sweeping comments and categorical opini 9 ns are often expressed regarding 
the indifferent attitude of radiologists to x-ray exposure. Facts, however, are very 
difficult to find. The dangers of such exposures, though nothing new, have, of 
late, assumed a new dimension thanks to the enhanced applications of x-rays for 
medical purposes and to the development of new and powerful radiation sources. 
The recent advances in the field of nuclear energy production and application 
have focused the lime light on the dangers of the use of ionizing radiations for a 
variety of purposes. The investigations prompted by many scientific bodies, 
such as the British Medical Research Council and the United States National 
Academy of Sciences, etc., have gone a long way towards the clarification of the 
ultimate hazards. An interesting fact that emerged from these studies was that 
the medical use of x-rays contributed to public danger no less than 22 times as 
compared to the much wonted atomic energy operations. This finding amply 
justifies the many recommendations and regulations that have been put forward 
by the Radiological Commission towards safe procedure in the use of x-rays for 
medical purposes. So much so, it has become customary for almost all progressive 
countries to have some organization for the protection of personnel using or 
handling x-rays or radio-active materials. 


*Condcnsed from Industrial Health in India Series No. 61. 

fPresented at the symposium on ‘ Radiation Hazards and Protection Indian Science Congress 
Calcutta, 1957. ° . ’ 
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In India, an entirely different picture is discernable. The use of A:-rays for 
medical diagnosis in India dates back to the year 1908 when the first unit was 
started in the Medical College, Calcutta. Since then, A:-ray practice has become an 
indispensable pari of medicine. A recent estimate puts the* numbr of x-ray sets 
used for medical purposes only in India between 3 and 4 thousand. Reliable 
reports of radiation injuries amongst x-ray personnel in India are not, however, 
available in literature. It is, however, common knowledge that most radiologists 
develop some abnormality of the skin, especially of their hands towards the end of 
their career. Hsemopoietic injuries are also said to have occurred although details 
of such cases could not be obtained. A recent case of fatality, alleged to have been 
caused by radiation exposure over a life-time, provokes serious concern. Equally 
unavailable are data regarding the magnitudes of exposure to x-rays of either the 
operating personnel or the public. 

The past history of radiation injuries in India, obscure though it be, and 
the present trend of increasing use of radio-diagnosis and therapy pose before us 
the serious problem of radiation hazards. India does not have an organization 
responsible for the control of the use of x-rays for medical purposes. Health-physics 
facilities are also totally lacking except in a few isolated cases. Experience in other 
countries has shown that radiation can be handled safely without any risk what¬ 
soever. Avoidance of radiologial hazards in the medical facility is absolutely 
essential. This study is an attempt to set the ball rolling by assessing the gravity 
and extent of radiological hazards in x-ray installations in Calcutta and evaluating 
the current status of the problem. 

Experiences in recent years in the field of radiological protection have 
revealed the usefulness of adopting the occupational health or industrial hygiene 
point of view in the study of radiation hazards. Radiation hazard problems 
bear a high degree of similarity to the conventional health problems in industry. 
This is specially remarkable in the matter of evaluation, critical limits and control 
measures. Hence, the present study is also coloured by the occupational health 
point of view so as to yield better results. 

Experimental procedures and results. 

In this pilot study 15 medical x-ray installations in Calcutta were surveyed 
for possible stray radiation. These included: 

(fl) One roentgen therapy unit, 
ijb) Four radiographic units, 

(c) Two fluoroscopic units, 

{d) One dental radiographic unit, and 

(e) Seven units for both fluoroscopy and radiography. 

The operating characteristics of these units ranged from 70 to 150 kV. and 15 fo 
500 mA. In each of these installations the environment was monitored for stray 
radiation by the ionization dosemetric method. Simultaneously, the status of the 
general environment and current x-ray room practice were estimated. Besides this 
environmentaTsurvey, the personnel of these installations were subjected to medical 
and hsemotological examinations in order to detect possible h$motological damage 
incurred by them due to radiation exposure. 
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A. Evaluation of the general environment .— In evaluating the general en¬ 
vironment, stress ^\’as given to the factors laid out by the International Commission 
on Radiological Protection. These factors arc; ventilation, lighting, temperature 
and humidity, lay-out of the equipment and design of the x-ray room, electrical 
wiring and location of master switch. In no ease, the general environment could 
be considered ideal for the practice of radiology. In most eases the main defect 
was lack of space, which prevented adequate or satisfactory lay-out of equipment 
as well as sitting arrangement for technical and non-technical personnel and 
patients. Installation of .v-ray chambers in any room available, as seems to be 
the practice at present, must be curbed. 

B. Evaluation of the installation and proteetion practice .— The status of the 
equipment was evaluated in a qualitative manner by noting the date of manufacture 
and the physical condition of the A'-ray tube. Tube housing protection was 
assumed to be satisfactory inasmuch as most commercial A-ray tubes more than 
meet the International Commission’s recommendation; ‘ A fully protective tube 
housing is one in which the direct radiation, i.c., the leakage radiation in the 
housing is reduced to 6-25 mr./hr. at contact with the tube housing when the tube 
is continuously operated at its maximum rated current for the maximum rated 
voltage’. Barring two A-ray installations, viz., (1) Installation I—the unit was 
bought from army disposal with the cone restricting the useful beam missing, and 
(2) Installation K—a portable unit of obsolete design, the installations are of fair 
condition. A fact that merits special mention is that there seems to be an almost 
complete lack of maintenance in most of the installations. 


The protection practice in these installations was assessed by noting: (i) the 
type of shielding in the installation, (n) availability and use of protection equipment, 
such as lead gloves, lead aprons, etc., (m) distance of personnel during exposure, 
{iv) the presence or absence of scatterers, and {v) knowledge of radiation hazards 
amongst the personnel. It was observed that auxiliary protection devices, such 
as lead gloves and lead aprons or lead screens are not generally available and 
even if available, they are rarely resorted to by the technicians, even when' they 
had to expose themselves to the direct radiation, as for example, when helping 
patients during radiography. In no case was the installation isolated from other 
working rooms nor did the walls have any protective covering. As regards the 
knowledge of hazards, the auxiliary staff and technicians had little or no realiza¬ 
tion of the radiation hazards. Paradoxically, however, the technicians fully 
comprehend the consequences of keeping unexposed films in the A-ray room. 
Distance from the A-ray source is primary in the avoidance of exposure. But though 
the control board where the operating'technician is expected to be, are usually 
1 to 2 meters from the A-ray tubes, it was rarely that the technician or other staff 
took care to be as far from the radiation source. Once again, the shortage of space 
resulted in the cluttering up of the A-ray rooms by disused equipment, furniture, etc. 

Measurement of stray radiation —In the present investigation importance was 
given to area monitoring rather than personnel monitoring. Apart from measuring 
the radiation dose-rate at a standard reference position estimation of the dose-rate 
was also made at the control board where the operating technician is exoected 
to remain during the A-ray exposure. For this purpose, a quartz fibre 
individual dosemeter which may be worn m the pocket was used. The dosemeter 
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has a range of200 mr. and measures the integral dose received over a period of time. 
These dosemeters are designed for working conditions where gamma rays and 
x-rays are encountered and have a natural leak of less than 2 per cent in a day 
and an accuracy of ±10 per cent. 

In the estimation of the environmental radiation the time of exposure is as 
important as the instantaneous radiation intensity; for the assessment of the hazards 
is to be made on the basis of the integrated dose-rate. Therefore, the charged dose- 
meter was kept at a standard reference position with respect to the A;-ray tube 
till appreciable readings were obtained. During this period, the times of exposures 
given with the x-ray tube were also recorded. The standard position was 1 meter 
in the transverse direction from the x-ray tube in the horizontal plane. At this 
position the radiation dose per minute of x-ray exposure was computed from 3 
or more different readings taken at various times. All readings were taken under 
actual conditions of work, i.e., when persons were being x-rayed. Since no 
significance was given to the influence of kV. or mA. on the tube output, these 
values do not give the absolute dose but rather the effective dose, i.e., the amount 
of radiation absorbed by the dosemeter. This may be taken to approximate to the 
first degree the tissue absorption at that point. These readings at the standard 
position enable the comparison of the radiation environments in the different 
installations. The results of these measurements are presented in Table I;— 


Table I. 


Radiation dose-rate at a distance of one metre in the transverse direction. 


Installa¬ 

tion. 

mr./min. 

Average 
exposure time 
min./week. 

mr./week. 

Number of 
working 
days/week. 

mr./day. 

mr./week. 

Ai 

12-20 

6-15 


75-03 

6 

• • • 

+ 

As* 

26-90 

9-60 


258-40 

6 

. . . 

+ 

B 

83-40 

4-26 


355-28 

6 

55-0 

330-0 

G 

151-30 

• 1-00 


151-30 

6 

25-0 

150-0 

D 

81-50 

1-50 


[ 122-50 

6 

25-0 

150-0 

E 

106-30 

2-00 


212-60 

6 

39-0 

234-0 

F 

Gi 

744-70 

97-40 

3-00 

5-25 


2,234-10 
511-35 

Not 

6 

in regular use 
89-0 

534-0 

Go 

38-40 

3-211 

L 

1,451-98 

6 

253-0 

1,518-0 

Gat 

H 

1-39 

133-30 

157-80] 

0-501 

r 

i 

112-05 

6 

22-0 

132-0 

H,t 

I 

22-70 

72-90 

2-00] 
1-20 

r 

87-^8 

6 

16-1 

96-6 

Jt 

4-40 

210-00 


924-00 

6 

141-2 

847-2 

K 

19-67 

2-00 


39-34 

6 

7-0 

42-0 

L 

2-22 

7-00 


15-54 

2 

7.5 

15-0 

M 

4-78 

1-00 


4-78 

6 

1 

... 

+ 


♦Therapeutic; fFluoroscopy; ^Aggregate daily readings not taken. 


X-ray 


Radiation is present in the environment only during the operation of the 
tube. Therefore, these values were calculated on the basis of mr./min. of 
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;t-ray exposure. Computation of the weekly dose rate has been made from the 
average exposure time in minutes per week in each of these installations and shown 
in tliis table. However, it may be convenient to take the integrated dose per day 
for calculating the weekly exposure. This has also been done and the values 
obtained are given in the same table. The fair agreement of the two weekly values 
demonstrates that it is not absolutely essential to determine the actual exposure time 
of tlie A--ray tube and compute the radiation dose-rate. However, the knowledge 
of the actual exposure time enables the limitation of the total weekly exposure 
time so tliat the weekly radiation exposure docs not exceed the recommended limit. 
It will be seen from Table I that the radiation dose-rate in the different installations 
vary widely. In the flouroscopic units (Gj, J, L, Ha) the radiation dose per week 
is small; this is because the tube current which controls the number of electrons 
bombarding the target per second and, therefore, the quantity of A:-rays produced 
is small, being only of the order of 3 to 25 mA. In many installations (B, F, 
G„ Gi, the radiation dose is excessively high. The highest radiation intensity 
was observed in installation F; this may be because the photo-fluorographic 
technique used here necessitates an intense x-ray beam (i.e. high milliamperage) 
in order to obtain clear miniature skiagrams. 

Using the inverse square law of radiation attenuation, the radiation dose at 

■ rd was calculated from the standard position value. If this value 
jh to be measured within a short time, the doSemeter was kept either 
’s pocket or on the control board during the actual course of work 
in. value for this position was also obtained as before. In the case 
where the amount of work is very small or where the 1 meter reading 
such measurements were not attempted. The results of these 
are shown in Table II. The calculated and observed values are 
IS far as can be expected from this technique. The reason for the 
value in the case of fluoroscopy is that the operator is shielded by 
the lead glass of the fluoroscopic screen. In general, this method of computation 
of the dose-rate of the operator is satisfactory despite the limitation of the inverse 
square law for continuous or white radiation and the limitation due to radial dis¬ 
tribution, both of which were neglected in the computation. This is especially 
true in such installations where: 

(1) The stray radiation at 1 meter is small. 

(2) The kV. range used is below 100 kV. 

(3) The time of operation of the tube is small. 

(4) The control board is in the near-transverse direction. 

The average weekly exposure time was computed in these installations on 
the basis of observation for a few days. In installation F, however the time of 
3 minutes in the table is the maximum possible because the work in this unit is 
intermittent and computation of weekly time could not be made. The exposure 
received by the operator is the product of the radiation dose-rate and time of 
operation of x-ray tube. This is the value on which the degree of hazards depends 
and, therefore, should not exceed the maximum permissible limit The exposure 
received by the operator per week both on the basis of the mr./min’ reading- as well 
as the mr./day reading are given in Table II. Here again, the agreement between 
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the two sets of values justifies the use of the day as the unit of time for the assessment 
of hazards rather than the tube exposure time. Whereas in most of the installations, 
the weekly exposure values are definitely low, installations F, and B show 
significantly high radiation dose-rates. For the benefit of the participating installa¬ 
tions, further measurements were made at places, where the radiation dose-rate 
may be very high. Table III gives these values as well as the gist of the appropriate 
recommendations made to these installations. 


Table II. 


Radiation dose-rate at the control board. 


Installation. 

mr./’ 

WEEK. 

Average 
exposure 
time/ 
week min. 

Exposure 
received by 
operators 
Mr./week. 

Working 
days/week. 

. mr./day. 

mr./week. 

Gal. 

Obs. 

Ai 

1-81 


6-15 

ll-lj 

6 



Aaj), 

2-20 

1-60 

9-60 

15-36 

6 



B 

18-91 

64-79 

4-26 

276-00 

6 

60-00 

360-00 

C 

67-24 

• • • 

1-00 

67-24+ 

6 

11-10 

66-60+ 

D 

20-38 

• • • 

1-50 

30-57+ 

6 

5-17 1 

• 31-02+ 

E 

26-80 

4 « . 

2-00 

53-60 

6 

9-75 

1 58-50+ 

F 

206-30 

220-00 

3-00 

660-00 



... 

G, 

22-10 

22-50 

I 5-25 

118-00 

6 

32-68 

196-08+ 

Ga 

83-10 

69-90 

3-21 L 

358-50 

6 

39-00\ 

294-00 

Ga* 

1-64 

0-85 

17-80 / 



(10) / 


H 

110-08 

80-00 

0-50 

122-80 

6 

17-50 

105-00 

H, 

40-49 

41-40 

2-00 





I 

50-62 

57-00 

1-20 

68-40 

6 

10-00 

60-00t 

J 

1-74 

0-63 

210-00 

132-30 

6 

«•. 

... 

K 

8-74 

10-65 

2-00 

21-30 

6 

2-20 

13-20 

L 

3-95 

0-62 

7-00 

4-34 

2 

5-00 

10-00 

M 

9-75 

... 

1-00 

9-75+ 

... 

... 

... 


♦Therapeutic; fFluoroscopy; ^Calculated values. 


It is our experience that this technique of measurement at a standard distance 
first, followed by measurement at different places, if necessary, is very effective 
for obtaining the maximum information within a short time. It must also be 
emphasized that each measurement was completed in a single period never 
exceeding 1 hour, so that the leakage and background effects are negligible and 
that all readings were taken during the normal radiological work in the installation. 

When the survey of any installation was completed, the results of the observa¬ 
tion were communicated to the Radiologist-in-Charge. In the reports, the degree 
of hazard, areas of high dose-rates, suitable precautionary measures and suggested 
recommendations for the protection of the personnel were incorporated. In 
making these recommendations a maximum permissible limit of 500 mr./week 
was adopted without prejudice to the currently accepted MPL of 300 mr./week 
inside the dorsal layer of the skin for radiation exposure. It was considered 
advisable to relax the MPL for the following reasons: 

(1) The measurements were made in air. 
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(2) The maximum ^vorking period of the persons in these installations is 
4 hours per day for 6 days a week as compared to the 8 hours 5-day 
week taken as standard for recommending the above limit. Hence, 
there is a larger recovery time between exposures. 

(3) Operating voltage of the x-ray tube is usually less than 100 kV. and, 
therefore, the penetrating power of the x-rays is low. 


Table III. 

Areas of high radialion dose-rates. 


Install.i- 

tion. 

Description of area. 

Distance 

fromar-ray 

source, 

metres. 

Intensity 

mr./wcek. 

Recommendations. 

G 

The region between the 
.V-ray tube and chest 
stand. 


Primary 

useful 

beam 

As this region is flanked by doors 
leading to radiologists’ room 
and to the verandah, the use of 
this area as a passage should be 
restricted. It is preferable that 
the chest stand is placed in 
another direction, e.g., the 
present position of control board. 

D 

Door separating the nurses’ 
quarters (West wall). 

3-0 

1 282-5 

1 

Protective barrier required here. 

F(.-) 

A region in the direction 
of the entrance door. 

1-0 

1,896-0 

Remaining inside x-ray compart¬ 
ment during radiography is 
unsafe. 

F(,7) 

Door leading to driver's 

I compartment 

3-0 

1 

540-0 

The driver should not occupy his 
seat during radiography. 

G, 

1 In the direction of entrance 
exit door (patients crowd 
around here). 

1-5 

1,605-0 

The patients should not be allow¬ 
ed inside the x-ray room. 

G, 

Region near entrance door, 
(during chest radio¬ 
graphy). 

6-2 

1,312-0 

1 

A lead barrier to cut off the 
primary beam is to be placed 
behind the chest stand or the 
orientation of the beam changed. 

H(,-) 

Waiting room 

1-8 

1,850-0 

High intensity radiation is present 
in the forward direction of x-ray 
tube. 

H(,V) 

Partition between the wait- 
room and x-ray room. 

1-9 

875-0 

Protective baia-icr is necessary. 

I 

The region where techni¬ 
cians stand for holding 
the patients during radio¬ 
graphy. 

1-0 

6,841-0 

Lead barriers to shield person 
helping patient essential. 

J 

A circular region of radius 

1 m. around the x-ray 
tube. 

10 

924-0 

Nobody should stay within this 
continuously during exposures. 


Medical and clinical examinations .—^Apart from the general examination as to 
the status of health and recording the occupational history, particular attention 
was given to the examination of the skin and its appendages and to a detailed 
blood examination for any marked abnormality attributable to radiation exposure. 
A total of 60 personnel working in the various x-ray installations were examined! 
Their periods of service in x-ray w'ork ranged from 20 years to 4 months the 
average being 6 months. Of these, 32 were medical men, 15 x-ray technickns 
10 attendants and orderlies and 3 nurses. The only case of visible radiation injury 
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the two sets of values justifies the use of the day as the unit of time for the assessment 
of hazards rather than the tube exposure time. Whereas in most of the installations, 
the weekly exposure values are definitely low, installations F, and B show 
significantly high radiation dose-rates. For the benefit of the participating installa¬ 
tions, further measurements were made at places, where the radiation dose-rate 
may be very high. Table III gives these values as well as the gist of the appropriate 
recommendations made to these installations. 


Table II. 


Radiation dose-rate at the control board. 


Installation. 

mr./wEEK. 

Average 
exposure 
time/ 
week min. 

Exposure 
received by 
operators 
Mr./week. 

Working 

days/week. 

mr./day. 

mr./week. 

Cal. 

Obs. 

Aj 

1-81 i 


6-15 

ll-lf 

6 




2-20 ! 

1-60 

9-60 

15-36 

6 

•»» 


B 

18-91 ! 

64-79 

4-26 

276-00 

6 

60-00 

360-00 

G 

67-24 ■ 


1-00 

67-24t 

6 

11-10 

66-601 

D 

20-38 j 

• •« 

1-50 

30-57J 

6 

5-17 

• 31-02J 

E 

26-80 1 

1 

2-00 

53-60 

6 

9-75 

58-50J 

F 

206-30 1 

220-00 

3-00 

660-00 

•»• 

• » • 


G, 

22-10 1 

22-50 

5-25 

118-00 

6 

32-68 

196-08J 

Gg 

83-10 

69-90 

1 3-21 11 

358-50 

6 

39-00\ 

294-00 

G 3 * 

1-64 

0-85 

17-80 / 

1 

1 

(10) / 


H 

110-08 

80-00 

0-50 

122-80 

6 

17-50 

105-00 

H, 

40-49 

41-40 

2-00 





I 

50-62 

57-00 

1-20 

68-40 

6 

10-00 

60-00t 

J 

1-74 

0-63 

210-00 

132-30 

6 


... 

K 

8-74 

10-65 

2-00 

21-30 

6 

2-20 

13-20 

L 

3-95 

0-62 

7-00 

4-34 

2 

5-00 

10-00 

M 

9-75 

... 

1-00 

9-75t 



... 


♦Therapeutic; fFluoroscopy; ^Calculated values. 


It is our experience that this technique of measurement at a standard distance 
first, followed by measurement at different places, if necessary, is very effective 
for obtaining the maximum information within a short time. It must also be 
emphasized that each measurement was completed in a single period never 
exceeding 1 hour, so that the leakage and background effects are negligible and 
that all readings were taken during the normal radiological work in the installation. 

When the survey of any installation was completed, the results of the observa¬ 
tion were communicated to the jR.adiologist-in-Charge. In the reports, the degree 
of hazard, areas of high dose-rates, suitable precautionary measures and suggested 
recommendations for the protection of the personnel were incorporated. In 
making these recommendations a maximum permissible limit of 500 mr./week 
was adopted without prejudice to the currently accepted MPL of 300 mr./week 
inside the dorsal layer of the skin for radiation exposure. It was considered 
advisable to relax the MPL for the following reasons: 

(1) The measurements were made in air. 
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5. Periodical or, better, continuous checks of radiation exposure of the 
personnel arc indispensable in protection practice. A standardized film badge 
technique or the pocket dosemeter method arc suggested for this purpose. Records 
of the weekly exposure of all personnel throughout their working life should be 
maintained. In addition half-yearly haemotological examinations for the staff 
and yearly area monitoring for radiation dose-rate are recommended. Whenever 
new machines arc installed or the existing lay-out changed radiation surveys 
should be repeated. 

6. Areas where a positive hazard exists should be indicated by red paint on 
the floor; this demarcating line ^vill help remind the personnel to keep off this 
area during the radiological work. Moreover, safety regulations are to be 
prominently displayed \vithin the x-ray room and the personnel should be 
persuaded to read the same at least once a month. 

7. Annual vacation at the seaside or in the country for all radiological 
personnel is a beneficial practice. 


Discussion. 


The picture painted by the current investigation must be considered to be 
somewhat reassuring in the light of the recommended maximum permissible unit. 
The primary reason for this fortunate situation is the fact that the present aggregate 
volume of radiological work in these x-ray establishments is still very small. 
The weekly hours of radiological work even in the major hospitals here are only 
24 hours, as compared to the 40-hour week in hopsitals in U.S.A., etc. A further 
illustration of the same point is that the average radiological work done in a year 
by all these hospitals and clinics is only approximately one-half of that done by a 
major hospital in the United States. There is no doubt that this circumstance will 
not prevail very long. For already the augmentation of radiological work in this 
country is highly significant. The application of x-rays for medical diagnosis 
and therapy is steadily increasing. The existing x-ray departments in all hospitals 
are rapidly expanding and new and more powerful x-ray machines are being 
installed. When taken in conjunction with the National and International 
Atomic Energy Operations and the pontential application of nuclear energy for 
power production, the increased popularity and application of radiography with 
powerful machines provokes serious concern regarding the hazards to the personnel 
and perhaps with respect to possible effects on posterity. Recent research by the 
M.R.C.' has pin-pointed the fact that ‘ uncontrolled and unlimited use of x-rays 
is to be strongly deprecated ’. 

Consequently, there is not much room for complacency inasmuch as there 
were work areas of high intensity which there is no guarantee were not used by the 
personnel. It is also to be pointed out that technicians and auxiliary staff do not 
understand adequately the potentialities of radiation as a health hazard It is 
important that these personnel should be made to realize, accept and practice 
the fundamental philosophy of radiation protection, viz. ‘avoid all unnecessary 
radiation exposure ’. ^ 


Under the circumstances the first thing that we may consider is the adoption 
of a uniform code for x-ray protection for the benefit of those occupationally expS 
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was observed in an orderly in installation D. Here, dne to the absence of a cassette 
holder for taking chest A:-rays, the orderly had to hold the cassette in position, thus 
exposing his hands to direct radiation. As a result the fingers of both the hands 
showed severe dermatitis, with desquamation and ulceration. This condition was 
noticed by the radiologist and the orderly was given 6 months leave. At the time of 
medical examination, the ulceration was healed and the only evidence was 
depigmented skin alternating with normal skin on the dorsum of the fingers. In 
three other cases, some roughness of the dorsum of the hand was noticed. 

The examination of samples of blood from these personnel included the 
estimation of htemoglobin and counts for the total r.b.c., total w.b.c. platelets and 
differential counts for leucocytes. Analysis of the blood pictures fail to show any 
marked abnormality on the whole. There were, however, 4 cases of rather pro¬ 
nounced eosinophilia, which could not be definitely attributed to radiation. 

It is obvious that a single examination as has been done in the present study 
is of limited use for the estimation of radiological hazards, since the injurious 
effects of radiation are mostly cumulative and are apparent only after exposure 
over a continuously long period. Though practically the only useful biological 
examination available for early detection of radiation injury, blood examination 
lacks both specificity and sensitivity and, therefore, cannot be used with convenience 
for radiation monitoring. Moreover, the exposure record of these personnel could 
not be computed and as such the blood pictures could not be correlated with the 
amount of radiation received by them during their working life. However, pre¬ 
employment blood and clinical examination followed by the periodical blood 
examination of the personnel are bound to be useful in controlling the hazards, 
provided they are performed in conjunction with health-physics monitoring of the environment. 


Conclusions and recommendations. 

The major points of interest emerging from this study are outlined below: 

1. A potential hazard due to exposure to radiation exists in most of the 
x-ray installations; and this is only augmented by lack of realization and recognition 
of the dangers by the technicians. 

2. Faulty techniques, such as holding patients in position for radiography 
and attempting to use the available A:-ray unit for work for which it is inadequate 
for etc. should be discouraged, 

3. In the design of an installation careful thought must be given to the 
avoidance and minimization of radiation exposure by locating the A:-ray unit in 
large, well ventilated and preferably isolated rooms. It is also emphasized that 
proper maintenance of the A:-ray unit and the room are essential. 

4. Proper shielding of the x-ray tube, adequate coning of the primary beam, 
provision of adequate protection equipment, such as lead aprons and lead gloves are 
indispensable in all installations. Further, if a large amount of work is customary, 
it is advisable to have a number of operators and attendants to follow a work 
shift system so that no person receives more than the permissible limit of exposure. 
All x-ray personnel should be trained to observe strict personal hygiene. 
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H/l-MAGGLUTlNATION BY S'J'RAINS OF ESCHERICHIA COLI 
ISOLATED FROM CASES OF URINARY INFECTION. 

IlY 

P. GLITA, 
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Iti pa])rr rijtiilcci “Ivficct <il If\poila iiiu.i on the Acclylcholinc and Gluta- 
ihionc Conicnt of Brain and Mean ol D^us" i>y B. K. .'Vnaud, G. L. Malhotra, 
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P»'»gc 258, para 3 , last line, the w<«id -problem’ is superfluous. 

Page 320, footnote to Table I, please roa/-‘* and f Figures in table represent 
the average of three days measurements”. 

— Editor, Ind. Jour. Med. Res. 




Agglutination of red cells by strains of Bacterium coli was reported as early as 
Gtiyot. A number of strains of Bacterium coli was found by Rosenthal 
(1943) to possess agglutinating substance against red cells, leucocytes, thrombocytes, 
spermatozoa, yeasts, spores and pollen. Kauffmann (1948) tested the hasmagglu- 
Escherichia coli against red cells of guinea-pig, horse, rabbit 



Pathogenicity, Investigations were, therefore, undertaken to carry out 
'’^Agglutination tests with strains isolated from eases of urinary infection. 

Present address.—Post-graduate Institute of Medicine, Calcutta. 
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The need for a reliable diagnostic test for cancer has been well realized not 
only because of the complicated nature of the disease but also due to the fact that its 
early diagnosis helps considerably in its successful treatment. Attempts to develop 
such a test could be traced to Fulci (1910) who showed qualitatively that a tumour 
tissue contains greater amount of lactic acid than its normal counterpart. Since 
then, several workers in different parts of the world have been engaged in developing 
a diagnostic test for cancer. 

A review of the literature showed that as many as sixty-nine tests were 
proposed till 1950 as diagnostic aids to cancer. Of these, three depended upon 
morphological techniques, nine on immunological changes, and the rest on bio¬ 
chemical changes in stomach juice, blood and urine. Of the biochemical tests 
(Black, 1947; Black et al., 1948; Winzler and Smith, 1948; Huggins et al., 1949), 
based on changes in blood constituents, only four, viz. methylene blue-reduction 
test, heat-turbidity index, plasma-mucoprotein levels in blood and iodo-acetate 
index test were considered to be more dependable than others. However, Henry 
et al. (1951) later on showed that even these tests were not so reliable and specific 
as claimed originally. Although dependable biochemical tests for certain types 
of cancer, e.g. serum-acid phosphatase in metastasizing cancer of the prostate 
and serum alkaline phospatase in bone tumours, are known, there is so far not a 
single reliable diagnostic test, chemical or otherwise, possessing a general appli¬ 
cability towards varied types of cancers. In view of this fact, it was considered 
desirable to evaluate the Matsubara carcino-reactin test, which was claimed by 
its inventor to be specific and of great value in the early diagnosis of any type of 
cancer. The work was carried out during the year 1954-55 (Technical Report 
of the Scientific Advisory Board, Indian Council of Medical Research, 1955)^ 

( 153 ) 
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The Matsubara test (1946 and 1951) depends on the immunobiological action 
of a polysaccharide compound isolated from cancer or placental tissue. In this 
test, a known amount of the solution of this compound in normal saline containing 
0-5 per cent by volume of phenol is injected intradermally in healthy persons or 
cancer patients, and the reaction which appears as an erythema, is observed after 
four hours. According to Matsubara, the reaction was more pronounced in cancer 
patients (diameter of erythema, 20 mm. or more), than in healthy persons 
(diameter of erythmea less than 12 mm.). His experimental results which were 
confirmed by Murata and Matsubara (1950) showed that the test was positive in 
92*2 per cent of cancer cases and 4-3 per cent of the healthy subjects. This test 
was also positive in 98-3 per cent of pregnancy cases because of the resemblance 
between placental tissues and cancer tissues in growth, tissue respiration and 
glycolytic action. According to him, it is negative, in other pathological conditions, 
such as benign tumour, gastric ulcer, gastritis, cholecystitis and syphilis, which 
often manifest a false positive reaction to various cancer tests so far known. Thus, 
he claims that this test is specific and reliable in the early diagnosis of cancer and 
pregnancy, and often shows negative reaction at the later stage of the above cases. 

It is the purpose of this paper to evaluate the utility of this test in the diagnosis 
of cancer. 


Material and techniq,ue. 

The material for each test consisted of a vial containing 8 mg. of the 
polysaccharide and two 1-c.c. ampoules, one containing control fluid and the other 
solvent fluid for dissolving the substance. The entire material required in the 
present studies was supplied by Dr. Matsubara. 

Techniq,ue of the test. 

0'2 c.c. of soultion of the compund (8 mg. in 0*8 c.c. of the control fluid) 
is injected intradermally at three points each on the forearm and the upper arm, 
along the middle line of the flexor surface near the elbow joint. Then, 0-2 c.(^ 
of control fluid is similarly injected at three points, each three cm. away and 
upwards along the line from the site of injection of the test fluid as shown in 
Text-figure. The measurement of the control and the test erythema arc carried 
out four hours, after the injection. 

These instructions were strictly followed and the test was run on 19 healtliy 
subjects from Tata Memorial Hospital and the Indian Cancer Research Centre 
(11 males and 8 females) ranging in age from 25 to 45 years and 67 cancer patients 
who attended the Out-patient Department of the Tata Memorial Hospital. The 
measurement of the control and the test erythema were carried out by the same 
person in order to avoid personal error. 

All the cancer patients selected for study were those in whom the histological 
confirmation of the disease was previously obtained and who had not undergone 
cither .v-ray or any other treatment for cancer. They had cancer at different 
sites;the distribution according to the sites is 46 (oropharyngeal region); 16 (cervix), 
2 (rectum) and one each of leg, breast and vaginal wall. 
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Text-figure. 


Right 


Left 



Q Points of MCR injection. 


X Points of control fluid 


injectjon. 


Results and discussion. 

Although Matsubara has based hie /'onr-i..,.:,.. 
erythema in controls and cancer patients we ^ diameters of the 

late the area of *e erythema whiS. ^r^rtr effi3‘’''‘Sr 

erythema war caicutecd by using the formula A (area) JifiSlS T . ? 
the major axis and ' b ’ minor axis of the ellipse. ^ ^ / where a 

The results are summarized in Table I. 

erythemairaS^sS^ee^j! mm”Td^ 

mm According to the standards set by Matsubara rL 7 ^37-6± 10-64 

of the test erythema is more than 265 tc 

18 to 9 mm ) and that of the control e^thema L feSS nn ^orc than 

of erythema less than 10 mm.) The t7t V • C^-e. diameter 

e^thema exceeds 80 sq. mm. even though ?he tesTeml"" area of the control 
265 sq. mm. in area. In our studies, none of the nnTfJi *an 

positive reaction and no case was come acm,V 7 i showed a false 

reaction. The test was positive in only 36 ( 53-7 ®Jjowed an indeterminate 

••■“s*-“S5“arpe 
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cancer cases up to an area of 225 sq. mm. of the test ci 7 thema. This indicated that 
all those cancer cases with the area of the test erythema exceeding 250 sq. mm. 
were positive to the test and that the test was not applicable to those cancer cases 
which lie in the region where the Uvo histograms overlap each other. The results 
calculated on this basis showed that of 67 cancer cases studied the test was positive 
in 38 cases (56’6 per cent) and negative in others (43*4 per cent). This result was 
not materially different from that calculated on the basis of the standards prescribed 
by Matsubara. 


Table I. 

Summarizing results of the Ai.C.R. test. 


t 

Number. 

Types of cases. 

. 

Number 

of 

cases. 

M.C.R. test: 

Positive. 

Negative. 

1 . 

2 . 

3. 

Healthy adult controls 

Histologically proved cancer cases 
without clinical evidence of 

metastases. 

Histologically proved cancer cases 
with clinical evidence of advanced 
stage of the disease. 

19 

52 

1 

15 ‘ 

1 

1 

m 

29 

(55‘8 per cent) 

7 

(46'7 per cent) 

19 

(100 per cent) 

23 

(44-2 per cent) 

8 

(53‘3 per cent) 

i 

i 

Total 

1 

67 

36 

(53 *7 per cent) 

i 31 

(46’3 per cent) 

1 

Average age 

... 

47'2 years 
(33-65 years) 

46-2 years 
(26-65 years) 


Graph. 
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It will be seen from Tabic I that of the 67 cancer eases, 52 ncre 
cUtikal evidence of motastascs, while 15 had clinicai evidence of adv.u'.crd s;"‘- 
of the disease. Although the percentage of false negatives in the foriv.rr r." ;r 
is less than that in the latter, still it is loo high to allow the use of tr<.\; 
reliable indc.K for cancer in its early stages. This also suggests that the re " 
to the test docs not show any significant relationship to the singe of ik d:r.v- 
claimed by Matsubara, It ^vould be seen from Table II that : 

epidermoid carcinomas formed about 95 per cent of the lota! casts suuiitd. Tr • 
test was positive in 21 of the 39 squamous carcinomas and in 32 of the 21 cp;dc:r. ; 
carcinomas. Similarly, reference to Table III would show that ilw t.-:; 
positive in26 of the 46 eases of cancer of the orophaiyrngcal region and h; 7 e;;' - 
16 cases of cancer of the cendx. This clearly indicates that the response (■-< t'.if 
is independent of either the type or the site of carcinoma. It is also 
of the age of the patient as seen from Table 1. * ; . 

Table II, 

Distribution of cases according to the types of carcinoma. 


Type of cancer. 


1. Squamous carcinoma 

2. Epidermoid carcinoma 

3. Adenocarcinoma 

4. Cylindroma 

5. Alveolar carcinoma ... 

6 . Undetermined 

(Exfoliative cytological finding; 
cells class III) 


V 



Table III. 


1 . 

2 . 

3. 

4. 

5. 

6 . 


Distribution of cases mording fo (be 


■life of cancer. 


Site of cancer. 


Oropharyngeal region 
Cervix ... 

Rectum 
Vaginal wall 
Leg 

Breast ... 
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The test under investigation, although technically simple and specific, does not 
fulfil the other important criteria of an ideal diagnostic test, viz. the high percentage 
(95 per cent) of true positives and the absence of any overlapping between the values 
for normals and those of diseased cases, suggested by Homburger (1950). 

Youden (1950) proposed a new index for rating diagnostic tests. The formula 
for the index of performance is J= (a+°b)~(c^d) where, of (a+b) diseased patients, 
‘a’ are correctly diagnosed and ^b’ are false negatives, and of (c-fd) controls, 
‘ d ’ are correctly reported and ‘ c ’ are false positives. The Youden’s index 
calculated for this test using the above formula is 0'56, while for an ideal test it 
should be 0‘95 to 1*0. 

Summary. 

Matsubara carcino-reactin test was evaluated on 67 histologically proved 
cancer cases. The test was positive in only about 55 per cent of the cases studied, 
while the rest showed negative response. No false positive was observed. In our 
opinion the percentage of false negatives is too high to permit its use as a reliable 
index for cancer in its early stages. The diagnostic utility of the test has been 
discussed. 


The authors express their sincere thanks to Dr. V. R. Khanolkar, Director, 
Indian Cancer Research Centre, Bombay, for his keen interest and the facilities 
offered and to Dr. L. D. Sanghvi, Statistician, Indian Cancer Research Centre for 
helpful suggestions. 

The authors are also grateful to Dr. Matsubara for the supply of test material 
gratis and to the Surgeons and other staff of the Tata Memorial Hospital for their 
kind co-operation. Authors’ thanks are also due to the Indian Council of Medical 
Research under whose auspices the work was carried out. 
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Introduction. 

Study of the glutathione content of blood and its relation with hasmoglobin 
and red blood cell count in normal Indian subjects has already been published 
(Gokhale and Panse, 1955) by the present authors. _ As has already been indicated 
in the previous publication, this relation was being studied in certain diseased 
conditions, such as leprosy, tuberculosis and diabetes. The present paper deals 
with the investigations carried out on the above disease subjects. Similar studies 
had been carried out by Woodward and Fry (1932) in cancers, Ross and Hillary 
(1939) in leprosy, and Lazarow and Patterson (1948), and Illing, Gray and 
Lawrence (1951) in diabetes. The data, however, are hot sulBciently adequate to 
show whether the cellular oxidation-reduction systems are affected in these diseased 
conditions. Therefore, the present study has been undertaken. 

Materials and methods. 

The bloods were collected from patients attending the Out-patients Depart¬ 
ments of Tuberculosis, Leprosy- and Medical Sections of the Sassoon Hospitals, 
Poona. The ages of the subjects were between 19 and 50 years in tuberculosis] 
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18 and 46 years in leprosy and 17 and 75 years in diabetes. Fasting bloods 
were collected in the morning in sterile penicillin bulbs containing dry potassium 
oxalate (2 mg. per c.c. of blood) and mixed thoroughly with the anticoagulent. 
The analysis of the blood samples was carried out immediately in most of the 
cases and when it was not possible to do so for about two hours, the blood was 
kept in the refrigerator. 

The methods used for the determinations were as follows:— 

(1) Glutathione, total and reduced (Woodward and Fry, loc. cit.)\ oxidized 
glutathione was obtained by the difference between the total and the reduced 
values. 

(2) Red blood cell count was determined by use of a standard counting 
chamber (improved Neubaur) and standard diluting pipette. 

(3) Haemoglobin by Sahli’s method. 

(4) Blood glucose by Folin and Wu (1920) method. 

Results. 

The average values obtained for the red blood cell count, hsemoglobin 
percentage, total, reduced and oxidized glutathione and the four quotients, viz. 
total GSH/rbc, total GSH x Hb/rbc, R-GSH/rbc, ^ R-GSH X Hb/rbc, of 
the one hundred and seven subjects of tuberculosis are given (Table I):— 

Table I. 


Average values of rbc, Hb percentage^ totals reduced and oxidized glutathione 

o/ 107 tuberculosis subjects. 



Average. 

Maxi¬ 

mum. 

Mini¬ 

mum. 

Standard 

devia¬ 

tion, 

±. 

Percentage 

within 

significant 

variation. 

Coefif. 
of varia¬ 
tion. 

Standard 

error. 

Red blood cell count, millions/c.mm. 

3-97 

5-26 

2-46 

0-723 

... 


♦ *. 

Hemoglobin, g. per cent 

Total glutathione, mg. per cent 

12-53 

17-00 

8-00 

2-021 



l’09 

47 77 

87-90 

26-60 

11-295 

67 , 

23-64 

Reduced glutathione, mg. per cent ... 


78-50 

21-40 

10-623 

76 

25-41 

1-02 

O.Kidized glutathione, mg. per cent ... 

6-02 

16-60 

0-80 

2-623 

84 

43-58 

0-25 

Gabbe’s quotient, GSH/rbc 

12-37 

25-00 

7-20 

3-525 

#»• 

... 


Total GSH X Hb 

152-10 

262-5 

86-70 

34-974 

• •• 

... 


Reduced GSH/rbc 

10-81 

22-36 

6-08 

3-200 

.4 • 

• «. 

... 

Reduced GSH X Hb ... 
rbc 

13T50 

234-8 

62-62 

34-70 

... 

... 

... 


The frequency distribution for total, reduced and oxidized, glutathione, is 
presented in Graphs 1, 2 and 3, respectively. 
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Graph 2, 
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Graph. 6. 



The average values obtained for the red blood cell count, hEemoglobin per¬ 
centage, total, reduced and oxidized glutathione and the four quotients: total 
GSH/rbc, total GSH X Hb/rbc, reduced GSH/Hb, reduced GSH X Hb/rbc 
of sixty-one diabetic subjects are given in Table III. 


Table III. 


Average values of rbc, Hb percentage, total, reduced and oxidized glutathione 

of diabetic subjects. 



Average. 

Maxi¬ 

mum. 

Mini¬ 

mum. 

Standard 

devia¬ 

tion, 

i. 

Percent¬ 
age with¬ 
in signi¬ 
ficant 
varia¬ 
tion. 

Coeff. 

of 

varia¬ 

tion. 

Stan¬ 

dard 

error. 

Red blood cell count, millions c.mm. 

4-20 

5-27 

2-92 

0-60 



... 

Haemoglobin, g. per cent 

13-87 


9-00 

1-76 


... 

I-21 

Total glutathione, mg. per cent 

41-76 


23-00 

9-51 

75 

22-77 

Reduced glutathone, mg. per cent ... 

37-09 

57-90 

19-90 

8-90 

75 

23-99 

M3 

Oxidized glutathione, mg. per cent ... 

4-71 


0-50 

2-53 

77 

53-87 

0-32 

Gabbe’s quotient, GSH/rbc 

9-99 

17-68 

6-23 

2-04 

... 

... 

... 

Total GSHxHb 
rbc 

37-65 

223-30 

77*27 

28-23 

... 

... 

... 

Reduced GSH/rbc 

9-04 

16-16 

5-54 

1*52 

... 


... 

Reduced GSH X Hb 
rbc 

121-94 

185-84 

62-59 

26-06 

. . . 


... 

Glucose 

228-9 

448-0 

100-0 

91-57 

... 

... 

... 


The frequency distribution for total, reduced and oxidized glutathione in 
diabetic subjects can be seen in Graphs 7, 8 and 9, respectively. 
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Table IV. 

, error of the difference 
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- Discussion. 

The frequency Graphs /, suffering fr^’^ont-natients 

)etic subjects subiects of this to attend the average 

'I'liberculosis.^^ e hospitalized an -j^Y sh^^^ ^ , 47*77 mg-? 

s; its "a*;?s» sss 

srr-r£.5;-sn!^^^ 

;**n5 



M. V. Pause and S. K. Gokhale. 


167 


the blood glutathione level to be normal, viz. 33-7 mg. per cent in their case of 
pulmonary tuberculosis. The other relations, viz., total GSH/rbe, total GSH X 
Hb/rbc, reduced GSH/rbe, reduced GSHxHb/rbc between the glutathione and 
the rbc and the haemoglobin are also significantly increased in tuberculosis. This 
is, however, due to the glutathione being significantly increased. 

Leprosy .—The subjects of this study were suffering from all types of leprosy, 
such as nodular, tubercular and showed anaesthetic patches all over the body. 
They were not hospitalized but used to attend the leprosy clinics. ^ The results 
given in Table IV show that the average values for the ninety-one subjects studied, 
of glutathione, viz. total 45‘33 mg. reduced 39'68 mg., and oxidized 5‘65 mg. per 
100 c.c. of blood are more than the corresponding average figures obtained for one 
hundred and two normal subjects as given above. These differences have been 
found to be statistically significant. The only data available were those of Ross and 
Hilary (1939) rvho state that ‘ In 96 leprous subjects blood contents of reduced 
glutathione was essentially normal, but in 23 of the cases, oxidized glutathione was 
inercased ’. 


Diabetes .—The subjects of this study were diabetics whose urine showed 
reduction with Benedicts’ solution. The bloods were essentially collected on 
fasting stomach. The results given in Table IV show that the average values for 
the sixty-one subjects studied, of the glutathione, viz. total 41'76 mg., reduced 
37-09 mg., and oxidized 4.71 mg. per 100 c.c. of blood, do not show any significant 
difference in the normal subjects and the difference obtained so far is not statistically 
significant. Out of the sixty-one diabetic subjects of the present study, six subjects 
hadfasting blood sugar over 350 mg. per cent and the average glutathione values for 
these were: Total GSH 37-83 mg., and reduced GSH 34-03 mg. per 100 c.c. 
These are lower than the normal average values. There are fifteen diabetic subjects 
having fasting blood sugar level over 300 mg. per cent in this series. Two of them 
gave very high values for total and reduced GSH content, viz. 58-0 and 7T1 mg. 
per cent. If these two subjects are not taken into account, the rest thirteen diabetic 
subjects showed average total and reduced GSH as 35-95 mg. and 32-93 mg. per 
cent. These values are lower than the normal average values obtained previously. 
Similarly, there are twenty diabetics having fasting blood sugar level over 250 mg. 
per cent in our series. Three of these gave for their total glutathione content very 
high values, viz. 58-0, and 60-5 mg. per cent. If these values are not considered, 
the rest seventeen subjects gave the following average values: Total GSH 36-70 mg. 
and reduced GSH 31-75 mg. per 100 c.c. 


Caren and Came {loc. cit.) found for their 42 diabetic subjects, fasting blood 
glutathione levels within the normal range, viz. 25 mg. to 41 mg. per 100'c.c. 
They also state that no correlation could be obtained between the blood sugar 
and blood glutathione. Stock and Currence (1950) have studied 14 subjects and 
obtained reduced glutathione values between 26 and 42 mg. per 100 c.c. Dogliotti 
andMelloni (1935), and Platt (1931) found no change in the fasting blood glutathione 
levels in the diabetic subjects. However, Verela, Apolo and Villar (1930), and 
Companacci (1930) have reported slightly lower values in diabetes. Illing Gray 
and Lawrence {loc. cit.) studied 20 normal individuals, 18 diabetics rvithout 
ketosis, and 21 diabetics haying heavy ketosis. They state that a significant 
reduction in GSH was found in diabetics with severe ketosis. Their average figures 
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were: Normal:Total 43-0, reduced 33,5 mg. All diabetics—total GSH 39'1, 
reduced 30*1 mg., diabetics without ketosis—total GSH 41-1, reduced 32-1 mg. 
and diabetics with ketosis—total GSH 37-5, reduced 28*5 mg. per 100 c.c. of 
blood. 

The following may be quoted from ‘ Glutathione— A. symposium (1954) 

‘‘ Although many investigators have reported a decreased concentration of GSH 
in the blood and the tissues of human diabetic subjects, this has not been a constant 
finding Binkley et al. (1950) have obtained lower glutathione values in diabetes. 
But it should be noted that they have used a different technique and the findings 
have been based on a very small number of cases, namely five normals and ten 
diabetics. Glutathione values obtained in the present study and those obtained 
by the other workers are embodied in Table V for the purpose of comparison:— 


Table V. 


Worker. 

Year. 

Number 

of 

cases. 

Reduced g 
VAH 

LUrATHIONE 

JEs: 

Normal. 

Diabetes, 

1. 

Verla, Apolo and Vilar 

mm 


Lower values than normal. 

2. 

Campanacci 


♦ • • 

Lower values than normal. 

3. 

Platt 

Bin 

• • » 

Same values as 

in normal. 

4. 

Dogliotti and Mellon! 

Bim 

• • ♦ 

Same values as in normal. 

5. 

Binkley a/. 


10 

16-9±l-2 

ll-8±2-3 

6. 

Caren and Came 

1951 

42 

25 to 41 

28 to 48 

7. 

Stock and Gurrence ... 

1950 

14 

26 to 42 

27 to 43 

8. 

Illing, Gray and Lawrence 

1951 

39 

33-5 

30'1 (all diabetics) 






28*5 (with ketosis) 






32*1 (without ketosis) 

9. 

Present study 

1957 

61 

36.50 

3’/*U9(aIl diabetics) 




6 

Blood sugar^ 350 mg. 

34-03 




13 

Blood sugar^ 3l)U mg. 

32-93 




17 

Blood sugar> 250 mg. 

31-75 


From the above data, it may be observed that one is not in a position to say 
definitely whether the blood glutathione values are reduced in diabetes. 

The average values obtained for the four quotients, viz. total GSH/rbc, 
total GSHxHb/rbc, reduced GSH/rbc, in the diabetic 

subjects are 9-99, 137*65, 9*04, 12T94, respectively, as given in Table HI. 

These values are more than the values for normal subjects obtained previously 
and these are significant as shown in the Table IV. 


Summary. 

, (1) Bloods of one hundred and seven subjects of tuberculosis, ninety-one of 
leprosy and sixty-one of diabetes were studied for the following investigations: 
Glutathione: total, reduced, oxidized, red blood cells count and hsemoglobin. 
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(2) The average values arc as follows:— 


(a) One hundred and seven tuberculosis subjects .— 

Total GSH ... 47-77 mg. per 100 C.C. 


Reduced GSH 
Oxidized GSH 
Red blood cell count 
Haemoglobin 


41-80 

6*02 ,, j, j5 

3-97 millions/c.mm. 
12-5 per 100 c.c. 


[b) Ninety-one leprosy subjects: — 

Total GSH 
Reduced GSH 
Oxidized GSH 
Red blood cell count ... 
Haemoglobin 


45-33 mg. per 100 c.c. 
39-68 „ „ „ 

5-65 j, ^ j, j, 
4-16 millions/c.mm. 
13-06 g. per 100 c.c. 


(c) Sixty-one diabetic subjects .— 
Total GSH 
Reduced GSH 
Oxidized GSH 
Red blood cell count ... 
Haemoglobin 


41-76 mg. per 100 c.c. 


37-09 

4-71 


)> >> 


>> 


4-20 millions/ c.mm. 
13-87 g. per 100 c.c. 


(3) The following relationships have been calculated from the values of 
glutathione, rbc, and haemoglobin. Their average values are:— 


Total GSH/rbe 
Total GSH xHb./rbc 
Reduced GSH/r.b.c. ... 
Reduced GSH xHb/rbe. 


Tuberculosis. Leprosy, 
12-37 11-08 

162-08 142-17 

10-81 9-69 

131-48 124-25 


Diabetes, 

9-99 

137-65 

9-04 

121-95 


(4) The blood glutathione average values were found to be higher in 
tuberculosis (total 47-77, reduced 41-08 mg.) than in normal subjects (total 41-25 
mg., reduced 36-50 mg.). 


(5) The blood glutathione average values were found to be higher in leprosy 
(total 45-33, reduced 39-68 mg.) than those in normal subjects. 

(6) In all diabetic subjects the average values of total GSH and reduced 

GSH do not show any significant difference from those of normal subjects. But 
when these diabetic subjects were classified into three groups having blood sugar 
levels over 350 ing., 300 mg., and 250 mg., the following interesting results were 
obtained. The six selected subjects having blood sugar level over 350 mg. gave 
the average values for reduced GSH as 34-03 mg. as against 36-50 mg. of reduced 
GSH in normal subjects. Similarly, thirteen selected subjects having blood sugar 
level over 300 mg. gave 32-93 mg. of reduced GSH which is less than normal. As 
also seventeen selected diabetic subjects ha-ving blood sugar level more than 250 mg. 
showed their reduced GSH values as 31-75 mg. which is less than normal. From 
the results obtained in this study it is very difficult to state definitely whether the 
blood glutathione content is decreased in diabetes. ^ 
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A MODIFIED GELATIN AS A PLASMA EXPANDER. 

Part I. 

EXPERIMENTS ON HAEMORRHAGED DOGS. 

BY 

S. L. KALRA*, 

GURDAS SiNGHt, 

MANSA RAMt, 

AND 

S. O. WALLER*. 

[Received for publication, July 29, 1957.] 

A NEW modified gelatin suitable for intravenous injection as a plasma expander 
was prepared at the National Chemical Laboratory. The trials on animals were 
carried out at the Armed Forces Medical College. Dextran (Benger Laboratories 
Ltd., U.K.) and modified fluid gelatin (Charles B. Knox Co., U.S.A.) were tried 
under identical conditions for comparison. The results of these experiments are 
reported in this paper. 

The term ‘ plasma expander ’ is considered more suitable than any other 
term for fluids injected to increase the plasma volume, and for brevity ' expander ’ 
is used in the text. 


MATERIAt AND METHODS. 

The gelatin was extracted from bones obtained from slaughter houses; and 
the yield from one kilogram of bones was nearly 1 litre of a 6 per cent solution. 
The trial batches were prepared on laboratory scale; therefore, the quantity was 
small, and the experiments with every batch were restricted to 5 dogs. The 
concentration of early batches was 8 per cent, but the physical properties were 
gradually improved, the results were assessed on dogs, and ultimately the con¬ 
centration was reduced to 6 per cent with improvement in quality. Attempts 
are being made to improve it still further and reduce the concentration. ^ 


*Pathology Department, Armed Forces Medical College, Poona. 
’I’Division of Biochemistry, National Chemical Laboratory Poona 

( IVl ) 
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The sixth batch (MG-6) was an 8 per cent solution^ relative viscosity 1’56 
and gelling temperature 4 G. This batch was used to test toxicity, sensitizing 
and antigenic property, as well as for experiments on the rate of excretion in dogs. 
The next batch MG-7, was a_6per cent solution, relative viscosity 2*2, and gelling 
temperature 10 C.J the experiments on hsemorrhaged dogs and the effects on anti¬ 
body formation were carried out with this batch. 

Toxicity.-—Two rabbits were given 20 c.c./kg. body-weight, intraperitoneally, 
after withdrawing an equal quantity of blood; and 4 guinea-pigs were given 4 c.c.j 
100 g. body-weight, intraperitoneally. All animals were observed for one 
month. 

Sensitizing property. —Sensitizing doses were given on 3 successive days. The 
single dose for rabbit was 10 c.c., intravenously, or 0*5 c.c., subcutaneouslyj for 
guinea-pigs 3*0 c.c., intraperitoneally. Twenty-one days after the last dose, 
twice the quantity of a single dose was injected by the same route as the sensitizing 
dose. 

Antigenic property. —Rabbits, guinea-pigs and white rats were injected biweekly 
5 c.c., 1*0 c.c. and 0*5 c.c., respectively, by the subcutaneous route for 3 weeks. 
Ten days after the last injection the serum was examined by precipitin test by 
the Boyd (1947) technique. 

Sera of 154 healthy persons were examined for complement fixing antibodies 
against MG-7 and dextran. 

Effect on antibody formation. — A. virus, a bacteria and sheep cells were 
selected to study the effect of intravenous infusion of MG-7 on the formation of 
antibodies. 

1. Influenza A-FMI strain, allantoic fluid containing 750 CCA units per c.c .— 
Two doses of 3 c.c. and 9 c.c. were injected intravenously into fowls at an interval 
of one week along with 25 c.c. of MG-7. 

2. Heat-killed suspension of S. typhosum containing 250 million organisms per 
c,c .— ^Rabbits were given 7 injections subcutaneously at intervals of 4 days starting 
with 0*25 C.C., and increasing after every two doses by 0-25 c.c. to a^ maximum of 
1‘0 C.C.; and 25 c.c. of MG-7 was given simultaneously with each injection by the 
intravenous route. 

3. Ten per cent suspension of sheep cells in normal saline. Three injections 
of 5 c.c. each were given intravenously to rabbits at intervals of one week along 
with. 50 c.c. of MG-7. All animals were bled before starting the injections and 
10 days after the last injection to test for antibodies. 

Coagulation time. —Coagulation time rvas measured by the capillary method 
(Wintrobe, 1947). 

Erythrocyte sedimentation rate (ESR). —ESR was estimated in Wintrobe tubes. 

A platform with a glass top supported on vertically adjustable knobs was im- 
nrovised. The level of the glass plate was corrected in two planes with a spirit 
level. The tubes were fixed on the platform with plasticine and were aligned with 
the vertical axis of a broad based right-angled triangle. 
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Estimation of gelatin and dextran in blood and urine was carried out by the 
method of Hoffman and Kozoll (1946) and Metcalf and Rouselot (1952), 
respectively. 

Excretion of gelatin .—The experiment was carried out on 3 dogs. Under 
nembutal anesthesia the femoral artery and vein on the same side were exposed. 
The blood volume was determined. Half of the blood was withdrawn^ through 
the artery and an equal volume of gelatin was injected through the vein. The 
skin was sutured. The dog was kept in a metabolic cage till the termination of the 
experiment. The gelatin present in the blood and the amount excreted in the 
urine in 24 hours was determined daily. 

Water-holding capacity (WHC) of the expander .—It was reported by Wiggers 
(1950) that in non-fatal hsemorrhage regeneration of plasma proteins does not occur 
for at least 6 hours; therefore, it was presumed that any change observed in 
plasma protein concentration at the end of 4 hours after infusion was due to dilution 
with the expander and the dilution was calculated by the following formula: 

<==v(i-4-) 

The symbols e, v, p, P are the expander retained in the blood stream, plasma 
volume at the end of 4 hours, plasma protein concentration at the end of 4 hours, 
and the initial plasma protein concentration, respectively. The water-holding 
capacity of the residual expander in the blood was calculated from the quantity 
of the fluid and the solid component of the expander retained in circulation. 

Plasma volume, blood volume and fatal re-bleeding volume indices .—Plasma volume 
index (PVI) was the volume of the plasma at the end of 4 hours, expressed as 
percentage of the expected plasma volume. The expected plasma volume was 
the sum of the plasma left in circulation after hsemorrhage plus the quantity of 
the expander introduced. The blood volume index was the blood volume at the 
end of 4 hours expressed as percentage of the initial blood volume. 

At the end of the experiment the dog was bled to death and the quantity 
removed was calculated as percentage of the blood volume estimated just before 
bleeding, and was labelled as fatal re-bleeding volume index (FRVI). It broadly 
indicates the physiological state of the animal. For controls, the fatal bleeding 
volume of 6 healthy dogs was determined by measuring the blood volume and 
then bleeding them to death. 

The injection of the expander after a single massive hsemorrhage and further 
observations were carried out according to the technique given by Singh and 
Kalra (1956). 


Results. 

MG-6 was non-toxic, non-antigenic and did not sensitize the animals. All 
human sera gave a negative complement-fixation test with MG-7; but one fixed 
complement in the presence of dextran in a dilution of 1:8 (-f-f)’ but when the 
individual was given 0-1 c c. intradermally there was no local or generalized 
reaction. MG-7 did not interfere with the formation of antibodies (Ta^ble I). 
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Tabix I. 


Efie-ci qfgclafin on ihefiormaiion ofi antibodies. 


AairaaL 

! 

i 

Anubody 

TTITIE 11 


tViih gelatin j 

tMthont gelatin. 

'RaDDltF 

■ 10 p— cent \\- 2 sheQ sLeeo crik • 

1,000 

8.000 


( 

1.200 

1.000 

8,000 

1,000 

RabbitJ 

j S. -'i-scdaE 

7.000 

20,450 

8,000 

Fo'.vlj 

IrL5ueT’.73-FJ>lI 

512 

2,000 


' 

1.012 

s'.ooo 

4,000 


Surti-nl .—AMien a dog survived the duration of the experiment (4 hours) 
it Mas recorded as surtived. It f.as pretiously reported (Singh and Kaha, loc. 
lit.') that ’vvhen half of the blood tvas M-ithdraMm and no replacement fluid teas given 
3 dogs out of 10 surtived. If blood aas replaced by saline-j 4 dogs out of 6 
survived. The expanders tried in this series saved all dogs. 


Blood pTCsrjre. —^Afler haemorrhage the blood pressure came dotm to an 
average of 33 mm. Hg, Dextran restored the pressure to normal uithin 15 
minutes in 4 dogs and maintained it at that level. In the 5th dog the blood pressure 
remained 18 mm, Hg. belotv the original level throughout the ^experiment. 
hIG-7 restored the blood pressure of all dogs to normal trithin 15 minutes: later 
in 3 dogs it stayed at the original level and in 2 dogs it gradually dropped by 16 
and 18 rn-m, Hg. below the initial level, by the end of 4 hours. hlodlSed fluid 
gelatin (hlFG) restored the blood pressure slovsiy. In 3 dogs it graduallv reached 
dose to the original level and stayed at that level: in 2 do^. ^ter the initial rise 
there was gradual fall and bv the end oi 4 hours it was 16 and oo mm. Hg- beloM 
their normal level ("ide Graph). 


volume and blood voluone. —The MUter-holding capacitv" of dextran vas 
17-0^4-2 c,c.*'g. and only 25 per cent of the solid -vvas eliminated in 4 hours. 
The ?^T M-as 104 and the blood volume at the end of 4 hours vras higner thm 
ori^mal h£G-7 had a lower '\NTiG (14-34^2-5 ac-ig.) and 37 per cent of the mhd 
M-as eliminated in 4 hours; the P'ST -was 89-7_^per cent and the^ average decrease m 
blood volume Mas 7*6 per cent- The iNTIC oi MFG was ver\' high 39-0 —o'- c,c. ,■ g.., 
therefore- in spite of the fact that it Mas a 3 per cent solunon and nearly bU per cent 
of the solid ^vas eliminated in 4 hours, the P^T was 82. 

ypn-rrotdn nitrogm and rjgcr in the f/rsf.—The total XPX in the blood increased 
in half of the dogs and the average increase 'ivus 134;6 per centonl}. ^ Htye^- 
rivesnua follotved in one-third of ^e dogs and me increase 'Ans hunted to i -— 
per cent. The changes M-ere of little signincance and were the same vdih evert' 

expander. 
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Graph. 

Dcxtraii MG-7 M.l'.G. 


» r 



Present _PVI_ 

retention per cent MPV/EPV per eent I'RVI 



Erythrocyte sedimentation rate (ESR). —When the ESR was initially high, it was 
increased still further by all expanders, but if it was normal in the beginning the 
change in tlic ease of every e.\pandcr was erratic. In 13 dogs the ESR was 
initially normal (0 to 1 mm.), and after infusion of an expander there was marked 
increase in 7 and no change in 6 (Table III). This phenomenon is being investi¬ 
gated further. 

Clotting time. —^Thc clotting time of 41 dogs varied from 1| to 5| minutes, 
and ^vas not altered by any expander. 

Excretion rate of gelatin. —In 11 dogs, 50 ±9 per cent of the gelatin adminis¬ 
tered was present in circulation at the end of 4 hours. In another set of 3 dogs, 
who received the same batch of gelatin, none was present in circulation at the 
end of 4 days; and the 24-hour sample of urine collected on the 4th day was also 
free of gelatin in all animals. There were individual variations in the rate of 
excretion but the final results were identical. Daily estimations of gelatin excreted 
in the urine could be carried out on 2 dogs only due to an accident, and both of 

Table II. 

Changes in plasma volume, blood volume, fatal re-bleeding volume indices and 
other values with standard error. 


MG-7. 

89'7±5 I 82 ±2-23 
93 ±6-26 
42-5±4-3 
63-3±1-97 
52-.5±5-0 , 

14-3±1-12 



MFG. 


Dextran. 


Plasma volume index ... 104d;6'26 

Blood volume index ... lllrbC’ 7 

FRVI ... ... ... 48-6±2-28 

Retention of the /Solid, per cent 79‘2±5-54 

expander Fluid, per cent 72 ±5’3,7. 

Water-holding capacity ... 17'0d;]‘88 
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them individually excreted 85 per cent of the gelatin in the urine. The fate of 
the rest of gelatin retained in the body -was not determined. 

FRVI. —^The fatal bleeding volume index (FBVI) of 6 healthy dogs was 
58-2 i8-3. The FRVI of the expanders was in the following order; Dextran 
484±5-2, MG-7 42*5±9-6, MFG 37-6±6-3. 

Table III. 


ESR of individual dogs before and after injecting an expander. 


1 

1 

Dextran. j 

1 

1 

ESR 

IN MM. 


MG-7. 

MFG. 

0 hour. 1 

! 4 hours. 

1 0 hour. 

4 hours. ! 

0 hour. 

[ 4 hours. 

26 

74 

1.5 

52 

55 

74 

Q 

26 

0.5 

22 

1 0 

55 

0.5 

59 

0.5 

10 

, 0 

45 

I 1 

74 

0.5 

2 

0 

0 

0 i 

0 

0.5 

I 

0 

1 0 


Table IV. 


Percentage of gelatin {AdG-Q) in blood and urine, after removal of half of the 
blood and replacement with an equal quantity of 


Dog i 

1 

1 

Interval in days; 


Total 

Specimen. 

1 





excretion. 

number. 

1 



4th 

5ih. 

. 1 


1 tst. 

1 j 

2 nd. 

3rd. 

1 


■ } 

Blood 

45-1 ' 

29-2 

6-4 

0 1 

0 

' 85-1 

Urine 

1 

41-5 1 

14-5 

7-9 

21-2 

0 

A \ 

Blood 

1 ] 

33'1 ‘ 

8-7 

n.d. 

0 

0 

85-1 

^ / 

Urine 

43-9 ; 

28-7 

12-2 

0-3 

i 0 

„ \i 

Blood 

32-1 ' 

16-1 

0 

0 

0 



Urine 

n.d. ' 

17-8 i 

1 

2'8 

0-7 

0 



T)l%CUS5lON. 

The results were statistically analysed according to Sncdecor (1946) method. 
Values of ‘ t ’ greater than 2-8 are considered significant. Differences between 
dextran and MG-7 rvith respect to the maintenance of blood pressure, plasma 
volume index, blood volume index, fatal re-blceding volume index and ^^atw- 
holdina: capacity appear to be within the limits of expenmental error. MICj, 
nn the otlicr hand, has shown a significantly higher tvater-holdmg capacity than 
both dextran and MG-7. When compared with MFG, however, dextran gave 
slonificantly higher values for plasma volume, blood volume and fatal re-blcedmg 

volume indices. 
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Dcxlrans have certain side cfTecls. Kabal and Berg (1952) have mentioned 
that dextrans may produce symptoms of urticaria, angioneurotic oedema and 
asthma. Heine c( al (1952) reported that dextrans cross react with antisera of 
Pneumococci of type 2, 12, 20, certain Streptococci, typhoid bacteria and a number 
of other Salmonella. To obser\'c whether T.A.B. vaccination will produce 
sensitivity to dextran, the sera for complement-fixation test were collected three 
weeks after primaiy vaccination of recruits with two doses of 0-25 c.c. and 0-5 c.c. 
The only individual that gave a positive reaction was also positive before, as well 
as after vaccination in the same titre, and there was no allergic reaction on intra- 
dermal injection of 0-1 c.c. Most probably, such defects have been considerably 
eliminated from the recent preparations. In dogs the capillaiy permeability 
was affected by dextran. The blood continued to ooze from cuts in the skin and 
other tissues, and even from needle punctures in the skin. On post mortem 
examination there was free fluid containing dextran in the peritoneal cavity. 

The modified fluid gelatin (Kjiox. Co.) was not as good as the other expanders, 
but its concentration was half than that of MG-7 or dextran although the water¬ 
holding capacity c.c./g. was far greater. 

The fluidity of MG-7 was within the normal limits of the relative viscosity of 
human plasma. It had no side effects, the capillar^' permeability was not affected, 
it had no toxic, allergic or antigenic property and did not affect the formation of 
antibodies. The gelling temperature w'as 10°C., therefore, it can be used in most of 
the climates without pre-warming to make it fluid. Storage at 37'’G. for 1 year 
made no change in physical properties, and stability over longer periods at 
different temperatures is being studied. It fulfilled most of the requirements of 
a plasma expander and is considered suitable for intravenous infusion. 

Summary. 

Experiments on the biological evaluation of a new modified gelatin are 
described. The relative viscosity of the gelatin was 2*2, and gelling temperature 
10° G. It had no toxic, allergic or antigenic property and maintained blood 
pressure and blood volume of hasmorrhaged dogs. 


The manufacture of this gelatin was initiated by Dr. M. Damodaran, 
formerly Head of the Division of Biochemistry of the National Chemical Laboratory, 
Poona. The authors are grateful to Professor G. I. Finch, Director of the National 
Chemical Laboratory and Surg. Captain B. L. Taneja, formerly Professor of 
Pathology at the Armed Forces Medical College, for their help and suggestions. 
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MODIFIED GELATIN AS A PLASMA EXPANDER. 

Part II. 

i:XPI'RIMENT.S ON SPLENECTOMIZED DOGS. 

BY 

S. L. KALRA*, 

GURDAS SINGHt, 


AND 

MANSA RAMf. 

[ Rrcrivrtl for publir.Tlion, July ?9, 1957.] 


Reeve cl al. (1953) reported that in barbuttirized dogs the spleen is greatly 
dilated and the degree of filling of the spleen with the dye influences estimates of 
blood volume by this method. If the diftusion of the dye in the spleen is defective 
the estimation of blood volume will be lower than the actual. Wiggers (1950) 
stated that during massive haemorrhage there is prompt and marked contraction of 
the spleen, and from estimation of changes in spleen volume in dogs during 
bleeding he concluded that 100 c.c. to 200 c.c. blood is added by the spleen to the 
circulating volume. In our experiments (Kalra el al., 1956), nembutal was used 
for anaesthesia, and if the estimations of blood volume were lower than actual, it 
is possible that although fifty per cent of the estimated blood was removed, the 
quantity was really less than half. The final result, also, was a combined contribu¬ 
tion of the expander and an unknown quantity of blood pushed into circulation 
by the spleen. Moreover, the dogs were not shocked and were not allowed to 
stay in the hypotensive state for more than 5 to 10 minutes, the time taken to 
measure the blood taken out and the infusion of the expander. 

To increase the accuracy of the estimation of the blood volume by the dye- 
method and to rule out the addition of an unknown quantity of blood into circula¬ 
tion, a further series of experiments were carried out with MG-7 on splenectomized 
dogs. 

The combined operation of splenectomy and massive haemorrhage produced 
a variable degree of shock and proved fatal to 2 dogs out of 14, before any transfusion 

♦Pathology Department, Armed Forces Medical College, Poona. 

■fDivision of Biochemistry, National Chemical Laboratory, Poona. 
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could be given. Altogether, the efficacy of the gelatin was put to a more 
rigorous test as compared to the experiments already reported (Kalra et «/., 1958) 

Techniques. 

The spleen was exposed by a lateral incision, the blood vessels were ligatured 
and the organ excised. After splenectomy the estimation of blood volume by the 
Evan’s blue dye method took one hour or more and during this interval the blood 
pressure became stable. 

The fatal bleeding volume (FBV) of normal dogs was 58 per cent of the 
total blood and removal of half of the blood did not lead to fatality if the hypotensive 
state was not prolonged. After excision of the spleen the average FBV of 8 dogs 
was 47-4db4-9 per cent; therefore, it was not possible to remove half of the blood 
from every dog. The standard of massive haemorrhage was altered and the new 
standard was fixed, to bleed the dog till the flow of the blood was reduced from 
continuous stream to separate drops. On an average, 40-6±6-3 per cent of the 
whole blood was removed, its proportion to the FBV was 85 per cent, the same 
as in previous dogs whose spleen had not been removed. 

In 9 dogs, Ca, K, and Mg., in the blood was estimated before haemorrhage, 
and at the end of 4 hours after infusion of the expander. The deficiency of K and 
Mg. had been made up, but the loss of Ca was not restored to normal in 6 dogs. 

Two series of experiments on splenectomized dogs were carried out. In 
one series, 6 dogs were injected with MG-7 in normal saline, and in the second 
series 6 dogs were injected with MG-7 dissolved in a balanced salt solution con¬ 
taining GaClj 0-025 per (cent, KCl 0-042 per cent and MgCljGHjjO 0-0005 
per cent in addition to NaCl. 


Results. 

All dogs survived after transfusion. There was no change in the total red 
cells in circulation, and it is presumed that no blood was added to the circulating 
volume from any source. 

After bleeding, the blood pressure came down to an average of 22 mm.Hg. 
as compared to 33 mm.Hg. in the previous series. In the normal saline series the 
blood pressure returned to normal witlrin 15 minutes in 3 dogs and rernained at 
that level for 4 hours. In the others it was 72 ±11 per cent of the original level 
at the end of 4 hours. 

In the balanced salt series the blood pressure returned to normal within 
15 minutes after transfusion in 5 dogs and remained at that level for one hour; 
subsequently, the advantage was lost in 3 dogs. At the end of 4 hours it was at the 
original level in 2 dogs and in 4 dogs it was 69 ±4 per cent of the initial level {vide 
Graph), Two dogs, whose blood pressure came down after one hour, were given 
amytal sodium for anaesthesia instead of nembutal. A total of 75 mg./kg. had 
to be given to keep the dogs under anaesthesia for 4 hours as compared to 35 to 
45 mg./kg. of nembutal. The respiratory rate was markedly increased on 
administration of maintenance dosage after the first 40 mg./kg. It was later 
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detected that the batch ofamytal sodium was toxic, and probably, it had contribu¬ 
ted to the fall in blood pressure after one hour. In one of these animals the non¬ 
protein nitrogen was exceptionally high before hemorrhage. 


Graph. 


Spleen not removed 


Splcncclomizcd dogs—MG. 7 


MG-7 in normnl Xorni.il s.->linc B.-ilanccd salts 

s,aline series series 


» r 



There was no difference in the retention of the expander, maintenance of 
blood volume or FRVI in the two scries. 

The water-holding capacity of gelatin in splcnectomized dogs was greater 
than in dogs whose spleen had not been removed, this was in all likelihood due 
to more accurate estimation of blood volume in the former. The non-protein 
nitrogen in the blood was significantly lower in the balanced salt series as compared 
to the normal saline series with the exception of one dog mentioned above. 


Table I. 


' Results of MG-1, in normal saline and in balanced salt solution. 


^Normal saline scries. 

Balanced salt scries. 

Plasma volume index 

97-0±4-8 

95-0±7-6 

Blood volume index 

99-0±3-4 

97-0d:8-6 

WHG c.c./g. 

18-6±2-4 

19-5±5-l 

FRVI ... 

37-5±4-5 

38-6±7-4 

NPN mg. per cent (increase) 

15-0db9-4 

6-4±3-0 

1 


Effect on erythrocyte sedimentation rate {ESR). —In two dogs the ESR was 
initially high and increased still further on injecting gelatin. In 10 dogs the 
ESR was initially normal, in 5 it increased after injecting gelatin and in 5 it 
remained unaltered. In vitro experiments were carried out with the bloods by 
mixing different proportions of gelatin and equal parts of dextran to whole citrated 
blood and to 20 per cent suspension of washed cells in saline. The mixtures were 
incubated for half an hour at 37° G., and were frequently shaken during this 
period, before the test was put up. The effect on whole blood and on washed cells 
was the same, and the results were identical to the in vivo changes. In the in vitro 
tests, if the ESR was increased, the increase was proportional to the quantity of 
gelatin added to the blood. ^ ^ 
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Table II. 

In vivo changes in ESR in dogs transfused with gelatin^ and in vitro changes in 
mixtures of whole blood and gelatin and dextran. 


In VI 

vo: 

W 

^HOLE BLOOE 

) AND gelat: 

in: 

Per cent of 
dextran 
50 

Before. 

After. 

50 

40 

30 

20 

0 

34 

64 


9 

4.5 

1 66 

0 

40 

54 

47 

41 

5 

1 76 

0.5 

61 

56 

32 

19 

16 

57 

0 

0 

0 

0 

0 

0 

0 

0 

i 0.5 

1 

• 1 

1 

1 

0 

38 

... 

83 

74 

72 

50 

83 

21 

... 

72 

57 

45 

30 

7 


73 

63 

43 

30 


0 


1.5 

1 

1 

0.5 

... 


Discussion. 


Barcroft (1926) calculated that contraction of the spleen during hsemorrhage 
can add to the stream 10 per cent of the natural circulating volume of blood. It 
has already been mentioned that from changes in spleen volume during haemorrhage 
Wiggers {loc. cit.) calculated that 100 c.c. to 200 c.c. blood is added to the stream. 
We had measured the blood volume of two dogs before and after excision of 
spleen. In one dog the blood volume was reduced from 815 c.c. to 723 c.c., and 
in the other from 859 c.c. to 770 c.c., an average reduction of 6’8 c.c.jkg. This 
figure is close to that of Overby (1946) who found an average reduction of 5-8 c.c./ 
kg. due to splenectomy. In earlier experiments when spleen was not removed, 
after withdrawal of half of the blood and infusion of an expander, in 45 dogs out of 
50, the total cell volume was 7±6'7 per cent higher than the expected quantity, 
which was equivalent to 80 c.c. of blood. The quantity is very nearly the same 
as the difference in the blood volume before and after splenectomy. It is possible 
that in our experiments, due to a very brief duration of oligjemia the contribution 
from the spleen was not always maximal. 

It is considered that the use of splenectomized dogs provides a rigorous and 
more accurate test, for the comparative evaluation of plasma expanders. It 
removes a major inaccuracy in the estimation of blood volume by the dye method, 
and eliminates the passage of a variable quantity of blood from the spleen to the 
circulating volume during and immediately after hemorrhage. 

The effect on the ESR of the blood of dog and man is not alike. The red 
cells of man arc invariably clumped by macro-molecular solutions, such as dextran 
and gelatin (Kalra el ah, loc. cit.), but in the case of certain dogs the cells remain 
dispersed. 

Summary. 

1. MG-7 was tested on splenectomized dogs. Ail animals sur\'ivcd and the 
blood pressure was maintained at normal level in 6 dogs out of 12; in the rest it 
was 68d:4'4 per cent of the original level at the end of 4 hours. 
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2. The addition of balanced salt solution to gelatin helped in restoring the 
blond pressure quickly to normal and maintaining it at that level for one hour. 

3. In 60 per cent of the dogs the red cells remained dispersed on in vivo 
or in vitro contact with gelatin and the KSR was not altered. 

4. The use of splencctomizcd dogs to test plasma expanders is recommended. 
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FURTHER STUDIES WITH NADISAN: EFFECT ON BLOOD 
CHOLESTEROL BLOOD, GLUTATHIONE AND 
SUGAR TOLERANCE IN ALBINO RATS. 

BY 

S. K. MUKHERJEE, 

U. N. DE, 

AND 

B. MUKERjr. 

{From (he Central Drug Research Institute, Lucknow.) 

[Received for public.ntion, June 3, 1957.] 

The hypothesis that sulfonamides exert blood sugar-reducing effect by the 
chemical paralysis of alpha cells of islands of Langerhans has been supported by 
Loubaticres el al. (1955) and Von Holt et al. (1955). Selective destruction or 
paralysis of alpha cells by cobalt chloride has been shown by Caren and Garbo 
(1956) to cause increase in blood cholesterol, where the phase of hypercholesteremia 
always corresponds with the stage of degranulation of alpha cells. 

In view of the above findings, it is necessary to consider the desirability of 
instituting prolonged sulphonamide therapy as advocated by Mohnike and Stotter 
(1956) in elderly diabetic patients who are usually prone to hypercholesteremia 
and atherosclerosis. Heightened peak value of sugar tolerance curve as a result 
of sulphadiazinc and sulphanilamide administration in pancreatectomized dogs 
was observed by Mendez-Alvez (1951). Therefore, it appears interesting to 
determine how the carbohydrate tolerance is affected as a result of prolonged 
sulphonamide therapy. 

In continuation of our previous work (Mukherjee, De and Mukherji, 1957, 
1957a, 1958) the following experiments have been undertaken to study the effect 
of short and prolonged administration of nadisan on blood cholesterol, blood 
glutathione level and sugar tolerance in albino rats. 

Methods and materials. 


Albino rats of the Central Drug Research Institute breed, weighing approxi¬ 
mately from 150 g. to 200 g., were selected for our experiment. ’ The animals were 

( 185 ) 



J86 Further Studies with Nadisan. 

kept to stock diet ad lib. for a period of 7 days. The animals were then divided 
into 3 groups as follows;— 

Group 1.—Twenty-four animals served as normal control. Blood was 
obtained from 8 animals of this group by heart puncture for estimation of choles¬ 
terol, glutathione and sugar; and glucose-tolerance test was performed on the 
i-emaining 16 rats. 

Group -2.—^Eight animals were fed nadisan 0*25 g./kg. each and glucose- 
tolerance test was performed on all the animals 2 hours after nadisan feeding. 

Group 3.—Fifty-eight animals were fed 0-5 g./kg. of nadisan each and2hours 
after nadisan feeding, blood for cholesterol, glutathione and sugar estimation was 
collected from one batch of 8 animals by heart puncture and glucose-tolerance test 
was done on another 16 rats. The rest of the 34 animals were divided into 2 
batches of 10 and 24 animals and nadisan feeding was continued for 14 days to the 
first and for 28 days to the second batch. Two days after the last nadisan feeding, 
glucose-tolerance test was performed on all the 10 animals of the first batch and 
16 animals of the second batch. Blood was collected by heart puncture from 
remaining 8 animals of the second batch for cholesterol, glutathione and sugar 
estimations. 

All the animals were kept without food for 16 hours prior to all tests but 
water was allowed ad lib. Glucose-tolerance test was performed by the method 
of Cole and Harned (1938). After collecting the blood for fasting sugar, glucose 
3'5 g./kg, in 10 per cent solution was administered by intraperitoneal route. 
Subsequent blood samples for sugar estimation were collected at intervals of 
1, 2, 3 and 5 hours after glucose. Blood was usually collected from tail vein unless 
otherwise mentioned< Blood sugar was estimated by Folin and Wu micro’s 
(1920) method; Blood cholesterol was estimated by the method of Bloor (1916) 
and blood glutathione was estimated by the method of Woodward and Fry (1932). 
Urine passed during the test was collected and examined by Benedict’s method. 
Nadisan was force fed suspended in water. 

Results. 

In Table I, cholesterol and glutathione values of blood of both normal 
control and nadisan-fed animals have been shown. Average cholesterol and 
glutathione level in blood of normal control rats arc 100d;0'8 mg. per cent and 
38il'ti mg. per cent, respectively, and the corresponding average values in rats 
2 hours after single (0.5 g./kg.) dose of nadisan are 103±I*8 mg. per cent and 
41dz2'3 mg. per cent, respectively. So, it becomes evident that cholesterol and 
glutathione level of blood in rats 2 hours after nadisan feeding do not materially 
differ from those of normal controls. Average cholesterol and glutathione values 
in rats after 28 days feeding of nadisan (0-5 g./kg./day) are 99rfc3-2 mg. per cent 
and 39i 1'09 mg. per cent, respectively. These values also do not show any marked 
difference from those of normal controls. 

The results of glucose-tolerance test in normal control animals show that 
maximum rise of blood sugar occurs hour after glucose administration followed 
by a sharp fall of blood sugar during the next hour (1 hour after glucose). 
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During the next two houi-s (2ncl and 3rd hour after glucose), there was practically 
no change in the blood sugar level. But the blood sugar reaches the pre-glucose 
fasting level by the end of 5th hour after glucose. Glycosuria was present in 
6 animals (Table II). 


Table I, 

Effect of Madison on blood glutathione and blood cholesterol in albino rats. 


Rat 

number. 

Blood ciiolesteiiol mo./IOO c.c.: 

Blood clutatiiione mo./IOO c.c.: 


1 0-5g./kg. 

0-5g./kg. 


0-5 g,/kg. 

0-5 g./kg. 


Control. 

1 

i 

Naclisan 

1 (single). 

Naclisan 

28 days. 

Control. 

Nadisan 

(single). 

Nadisan 

28 days. 

1 

100 

i 110 

110 

46 

43 

46 

2 

100 

no 

100 

40 

34 

40 

3 

100 I 

100 

105 

40 

43 

38 

4 

105 

100 

90 

34 

43 

40 

5 

100 

100 

80 

34 

46 

40 

6 

100 

100 

80 

34 

42 

37 

7 

100 

100 

no 

34 

41 

37 

8 


.<• 

120 

40 

39 

37 

Mcan±S.E. 

100±0-8 

103±l-8 

99±5-2 

38±l-6 

41±2-3 

39±I-09 


Table II. 

Mean blood sugar values during glucose tolerance test in normal and Madisan fed rats. 


Number 

of 

animals. 

Fasting 
B.S. (Mean 
± S.E.) 

Dose of 
Nadisan 
fed. 

Bl( 

30D SUGAR (mEANS^S.E.) IN MG. 

PER 100 C.C.: 

Glycos- 

suria 

present. 

Two hours 
after nadi¬ 
san feeding. 


After administration of glucose. 



i hour. 

1 1 hour, 

! • 

2 hours. 

3 hours. 

5 hours. 

16 

(normal) 

control 

136±l-25 

... 


1 I92±3'6 


153±6-4| 

153±7-3 

14I±6-3 

In 6 out 
ofie. 

8 

136±l-25 

0-25g./kg. 
single dose 

74±4-4 

214±19-4 

223±36-9 

250±39-6 

252±42-8 

... 

In all. 

16 

l36±l-25 

i 

0-5 g./kg. 
single dose 

76±3-06 

2 days after 
disconti¬ 
nuation of 
Nadisan 
feeding 

296±14-1 

266ztl7-6 

i 

1 I 

276±27-7i 

181±24-9 


In all. 

10 

136±l-25 

0-5 g./kg./ 
day for 

14 days 

146±2-3 

255±20-0 

|177±14-9 

i 

158± 6-5 

156±8-2 

148±6-5 

! 

In all. 

16 

136±l-25 

0-5 g./kg./ 
day for 

28 days 

121±l-57^ 

313±17-2 

248±25-9 

! 

241±16-2 

|206±18-7 

156±12-8 

In all. 
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In anmals fed single doses of 0-25 g./kg- and 0*5 g./l^g. of nadisan, the fasting 
preglucose blood sugar level, 2 hours after nadisan- feeding, showed lower values 
than those of normal control animals. In animals which were fed nadisan 0*25 g./kg. 
single dose, blood sugar after glucose administration continued to rise up to 3 hour! 
But the animals which were fed nadisan 0*5 g./kg. in a single dose, blood sugar 
reached maximum height I hour after glucose, though the blood sugar in these 
animals i hour after glucose was higher than the corresponding values in animals 
fed 0*25 g./kg. nadisan, yet there was a definite fall of blood sugar up to 3 hour of 
observation. Observations in the above two experiments could not be continued 
beyond 3 hours. Glycosuria was present in all the animals (Graph 1). 


Graph 1. 



Q Vz 1 2 3 4 5 


2 hours after Nadisan 


Time in hours. 


The results of animals which were fed nadisan (0*5 g./kg./day) continually 
for 14 and 28 days show that pre-glucose fasting blood sugar levels, 2 days after last 
nadisan feeding, are more or less the same as in normal control. Maxirnum rise of 
blood sugar in both the batches occurs | hour after glucose administration but the 
height of blood sugar level at this period in 28 days fed batch of animal reaches a 
higher level than that of 14 days fed batch of animals. In 14 days fed animals 
blood sugar reaches the pre-glucose fasting level by the end of 5th hour, whereas 
in 28 days fed animals, though the blood sugar was coming down, fail to reach 
the pre-glucose fasting level by the end of 5th hour. Glycosuria w'as present in all 
the animals (Table II and Graph 2). 

Discussion. 

The data show that nadisan feeding, cither in a single dose, or in repeated 
doses for a long time, do not cause any alteration in the cholesterol level of blocm m 
albino rats. This finding is not in agreement with that of Hartcl and Antila (1956) 
who observed definite increase of blood lipoid and cholesterol in animals alter 
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Graph 2. 



0 -1-1-1-»-1-1 I 

0 Vi 1 2 3.4 5 

Time in hours. 


nadisan feeding Kinsell et al. (1956) suggested that the primary action of BZ-55 
is on fat metabolism which he linked with the antidiabetic nature of BZ-55 but 
our results do not tend to support this view. 

The protective power of an agent against the diabetogenic action of alloxan 
depends, as previously stated (Mukherjee et al., 1955) upon its ability to elevate 
and maintain the glutathione level of blood. Our present results show that oral 
administration of nadisan has little effect on the blood glutathione level and this 
may be one of the reasons for failure of nadisan to prevent the diabetogenic action 
of alloxan as previously observed (Mukherjee et al., 1958). 

The results of glucose-tolerance tests show that in normal control animals 
the maximum rise of blood sugar occurs ^ hour after glucose and the peak -value 
never exceeds 200 mg. per cent. In nadisan-fed animals, also, the rise of blood 
sugar is maximum hour after glucose administration, except in animals fed 0'25 
g./kg., but the peak values in all cases exceed those of normal control, Mendez- 
Alvez {loc. cit.) also observed similar heightened peak of sugar tolerance curve 
following daily administration of non-hypoglycemic sulpha drugs to depancreatized 
dogs for 3 days. 
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Another feature of tolerance curve in nadisan-fed animals is that the peak 
value goes on increasing with increased dose as well as with increased duration of 
nadisan feeding. The results of two single dose of nadisan used in our experiment 
show that Irigher dose produced less degree of defect in the sugar tolerance curve 
as the pre-glucose fasting blood sugar value was nearly reached although the peak 
value after glucose was heightened, whereas with lower dose there was progressive 
rise of blood sugar; When the same dose of nadisan feeding is continued, animals 
fed for shorter period (14 days) show better tolerance of sugar compared to the 
animals fed for longer period. 

The reason or reasons for these abnormalities are not clear. If sulfonamides 
produces hypoglycemia by stimulating insulin secretion by its action on beta cells 
as explained by Loubatieres (1944, 1944a, 1946) then enhanced and prolonged 
hyperglycemia due to load of glucose in nadisan fed animals may probably result 
from temporary non-availability of insulin due to exhaustion of insular-apparatus. 
Unbalanced alpha cell activity in such conditions probably may also indirectly 
contribute to the derangement of sugar metabolism. It will be too early at the 
moment to conclude as to whether unrestricted feeding of nadisan for a very long 
time will cause sufficient degree of exhaustion of beta cells leading to permanent 
derangement of the function of insular apparatus. 

As the dose used in rats is considerably higher than the usual clinical dose 
and since the metabolism in rats is different from that of human being any such 
adverse effect of continued administration of nadisan on sugar tolerance in diabetic 
individuals cannot be correctly predicated. 


Summary. 

1. Effect of nadisan feeding in different doses and period on blood cholesterol, 
blood glutathione (reduced) and sugar tolerance in albino rats has been studied. 
It has been observed that nadisan feeding (O'5 g./kg.) either in a single dose or in 
repeated doses does not alter the cholesterol or glutathione (reducing) level of 
blood in albino rats. 

2. Sugar tolerance curves in nadisan fed animals are defective in the sense 
that peak value in all the nadisan-fed animals is much higher than that of normal 
and the return of the blood sugar to the pre-glucose level is much delayed. 


Thanks are due to Messrs. M. A. Hai and H. M. Ghakravarti for their 
technical assistance and to Mr. S. Banerji for drawing the graphs. 
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For therapeutic uses, very often more than one salt of an alkaloid is available 
in the market and it is sometimes difficult to decide, which one should be preferred 
over otliers. For example, adrenaline, strychnine and morphine, are available 
as adrenaline hydrochloride and tartrate, strychnine hydrochloride and sulphate, 
morpliine sulphate, hydrochloride and tartrate. These salts are usually prepared, 
bearing in mind their solubility, local reaction and also stability of solution. No 
systematic study seems to have been made about their reactions in the body and 
whether they can produce any quantitative difference in pharmacological responses 
on animal tissues. As molecular weight of different salts of an alkaloid also differs 
appreciably, it might be interesting to investigate as to whether this would have 
any bearing with the quantitative responses of the drug. 

With these points in view, it was considered necessary to carry out a series 
of investigations with the different salts of adrenaline, strychnine and morphine 
in order to evaluate their pharmacological actions. The observations are contained 
in the present paper. 


Experimental. 

Material .—For the present investigation, bases of adrenaline (natural and 
synthetic), morphine and strychnine, conforming to B. P. tests of indentity and 
purity, were obtained. In case of adrenaline, the optic rotation was also determined 
by Zeiss-Winkle polarimeter. Hydrochloride, citrate and tartrate salts of adrenaline 
hydrochloride, sulphate and tartrate salts of strychnine and hydrochloride, sulphate,* 
meconate and tartrate salts of inorphine were prepared volumetrically with 
calculated amounts of acids, taking into consideration the mono- and dibasicitv of 
these acids. The quantity of powder, used for the preparation of solutions, was 
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the same in each case and was measured on a micro-analytical balance. As far 
as possible, freshly prepared solutions, stabilized with suitable stabilizers, were 
used for the assay. 

The molecular weights of various salts, used in the present study, are given 
in Table I:— 

Table I. 

Showing molecular weight of salts of adrenaline, morphine and strychnine. 


Salt. 

Molecular weight: 

Adrenaline. 

Morphine. 

Strychnine. 

Hydrochloride 

219*7 

321*8 

370*9 

Sulphate 

... 

668-8 

... 

Tartrate 

333*3 

720-7 

484*5 

Citrate 

375*3 

477-4 

526*5 

Meconate 

... 

770-6 

... 


Methods .—The assay of the 3 alkaloids was carried out by the determination 
of pressor effect in case of adrenaline, analgesic and respiratory depressant actions 
in case of morphine and convulsant action in case of strychnine salts. 

Pressor potency of adrenaline salts was studied by Elliott’s method in spinal 
cats, previously anaesthetized with a minimum quantity of ether. About two hours 
after decerebration, when the animals were stabilized, they were injected with a 
series of maximal doses of adrenaline solution with a view to saturate the animal 
with the drug before the assay work was actually started. Under these conditions 
the animal variation could be reduced to a minimum and reasonably stable carotid 
pressure of 30 to 50 mm. Hg, could be established. The assay was then carried 
out at a sub-maximal level of response with doses varying between 10 fig. and 
25 fig. in different animals. 

Analgesic potency of morphine salts was determined by Davies, Raventos and 
Walpope (1946) method based on the prolongation of withdrawal of rat tail, kept on 
heated nichrome wire of the analgesiometer. Investigations were carried out on 
rats which had a constant reaction time from the moment of closure of the key to 
the withdrawal of the tail. They were then divided into 3 groups, of 10 rats each 
and injected with graded doses of 1 to 3 mg./kg. of morphine salts. The threshold 
for reflex withdrawal of the tail was determined every \ hour till the reaction time 
returned to -the original level. The total increase in reflex withdrawal time was 
calculated in each rat and average increase after a single dose of morphine sa t 
was calculated. ‘ Cross-over tests ’ were performed after a week. 

Potency of morphine salts was also determined on the basis of their ability 
to depress respiration in anassthetized, tracheotomized dogs. 

Convulsive potency of strychnine was determined by administration of graded 
doses of different salts on batches of 10 frogs and percentage response ? 

one hour in each case. Intensity and duration of hyper-reflexia were c p< 
each group, and scores of 1 to 4 plus given. 
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Results. 


Our obscr\'ations in respect of actions of clificrcnt salts of adrenaline, 
morphine and strychnine arc detailed below. 

Adrenaline salts .—The cfTcct of hydrochloride, citrate and tartrate salts of 
adrenaline, on the pressor response of spinal cats is given in Table II:— 


Table II. 

Showing comparative pressor effect of adrenaline salts, the hydrochloride being 
taken as a standard with an arbitrary value of hundred per cent. 



Per cent 

potency: 


Power of dis¬ 
crimination of 
the animal, 
/*g-Ag- 

Number of 
observations. 

Adrenaline 

hydrochloride. 

Adrenaline 

citrate. 

Adrenaline 

tartrate. 

1 . 

100-0 

105-2 

113-6 

0-2 

2 . 

100-0 

117-7 

117-6 

0-5 

3. 

100-0 

105-2 

117-6 

0-6 

4. 

100-0 

113-6 

129-8 

0-5 

5. 

100-0 

107-5 

132-8 

0-5 

6 . 

100-0 

100-0 

136-9 

0-3 

7. 

100-0 

111-1 

128-5 

0-3 

8 . 

100-0 

lll-I 

121-9 

0-3 

9. 

100-0 

113-6 

117-6 

0-6 

10 . 

100-0 

117-6 

132-8 

0-3 

Average ... 

100-0 

I09-6±5-l 

124-9±8-0 

0-4±0-14 


It will be seen from Table II that in the present investigations with the 
three salts of adrenaline, the tartrate has the maximum, the citrate intermediate 
and the hydrochloride minimum (124-9 per cent, 109-6 per cent and 100 percent, 
respectively) pressor effect. An examination of the last column of the table indicates 
that the experimental animals were sufficiently sensitive and able to discriminate 
between 0-2 and 0-6 //g./kg. doses. 

Morphine salts .—^The analgesic and respiratory depressant actions of different 
salts of morphine are contained in Tables III and IV:— 


Table III. 

Showing analgesic potency of morphine salts based on their ability to increase reaction 

time in rats. 


Number of 
observations. 

Doses, 

' mg./kg. 

Average T( 

DTAL INCREASE II 
TIME, SEC. 

REACTION 

Morphine 

hydrochloride. 

Morphine 

sulphate. 

Morphine 

tartrate. 

10 

1-0 

27-0 

41-0 

45-2 

10 


38-6 

44-9 

55-6 

10 


44-6 

49-7 


10 


57*4 1 

1 

63-5 

71-2 
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Table IV. 


Showing comparative respiratory depression produced by different salts of morphine 

in chloralosed dogs. 


Dosage, 
mg./kg. 

Average percentage depression of respiratory rate : 

Morphine 

hydrochloride. 

Morphine 

sulphate. 

Morphine 

meconate. 

Morphine 

tartrate. 

0-5 

22-4 

29-9 

26-6 

40-4 

1-0 

26-2 

36-6 

39-5 

52-6 

2-0 

32-5 

51-2 

48-0 

58-2 


It is evident from Tables III and IV that morphine tartrate produced 
maximum analgesia and respiratory depression, morphine sulphate was inter¬ 
mediate in analgesic potency and morphine hydrochloride showed minimum effect. 
Respiratory depression after meconate and sulphate salts was approximately of the 
same order. 

In general, it was observed that the development of tolerance was also 
maximum with the tartrate salt. The duration of analgesic action after a single 
subcutaneous dose, lasted for 3^ to 5 hours after tartrate, 2 to 4 hours after sulphate 
and 2 to 3 hours after use of the hydrochloride salt. 

In another series of experiments in which the comparative effect of morphine 
salts in abolishing the reflex increase in respiratory rate after stimulation of the 
central cut-end of sciatic nerve was studied, it was observed that morphine 
tartrate and meconate showed higher activity than the hydrochloride and sulphate 
salts. 

Strychnine salts. —The relative convulsive potency of different salts of strychnine 
is shown in Table V:— 


Table V. 


Showing comparative convulsant action of different salts of strychnine in frogs. 



Dosage, 

mg./kg. 

Strychnine 

hydrochloride. 

Strychnine 

citrate. 

Strychnine 

tartrate. 

Percentage convulsed 

0-12 

0-25 

47-14 

54-50 

60-0 

80-0 

58-8 

70-0 

Intensity of hyper-reflexia 

0-12 

0-25 

+ + 

+ 

+ + 4- 

+ + 

Onset of convulsion (minutes) ... 

... 

15-20 

20-30 

25-40 

Duration of hyper-rcfiexia (hours) 

1 

0-12 

0-25 

2- 4 

3- 5 

1- 3 

2- 4 

3- 4 

4- 5 
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It %v\U be seen from Table V that strychnine citrate and tartrate produced 
almost similar percentage of response and intensity of hyper-reflexia in frogs. The 
onset of convulsion was, however, more prompt with the hydrochloride and the 
duration of action greater after the tartrate salt. Of the three solutions under 
investigations, the aqueous solution of strychnine hydrochloride appeared to be 
the most stable. 


Discussion. 

In the present study, comparative cfTcct of different salts of adrenaline, 
morphine and strychnine has been investigated with a view to find out whether 
there is any inter-relationship between their molecular weight and quantitative 
pharmacological responses. 

From the work with adrenaline salts, it has been obscra^cd that adrenaline 
tartrate has the maximum pressor effect in spinal cats, next in order being citrate 
and finally hydrochloride. A reference to Table I shows that the hydrochloride 
salt has the lowest molecular weight than tartrate and finally citrate salts. So far 
as their pressor potency is concerned, this is the lowest for the hydrochloride and 
maximum for the tartrate salt, the citrate being intermediate in this respect. 

This may be due to the fact that the citrate salt, being readily metabolized 
in the body, may be less stable than the tartrate, which might subscribe to its some¬ 
what lower pressor potency. Further, the combination of laevo adrenaline with 
the optically active dextrorotatory' tartaric acid might also enhance its activity 
in spite of the ultimate dissociation of respective ions in the body. 

On analysis of the salts of morphine, it has been observed that the analgesic 
potency is in proportion to their molecular weight. As attempts have been made 
to correlate basicity, ionization constant and pH in case of pressure amines 
and sedatives (Percy May, 1921; Burger, 1951; and David, 1955), it is likely 
that di-basicity of morphine tartrate, mcconate and sulphate may also be 
responsible for their more intense and prolonged action than the hydrochloride. 
Similarly, weaker depressant action of morphine meconate in spite of its higher 
molecular weight than tartrate might be explained on the basis of its limited 
solubility and rate of dissociation as compared to the tartrate salt which produced 
marked effect. It may further be observed that of the various salts of morphine 
studied in this series, the hydrochloride is mono basic and it has also shown the 
minimum effect. 

In the stiychnine series, where the drugs were injected into the dorsal lymph 
sac of frogs, with lower doses (0-12 mg./kg.), the convulsant effect was found to 
be closely similar for the 3 salts but with 0-25 mg./kg. doses, the citrate and 
tartrate salts showed higher activity. The hydrochloride salt, however, produced 
a prompter response probably due to its faster rate of ionization. 

From the foregoing, itwould be observed that molecular weight seems to have 
some relationship with pharmacological actions of a salt but at our present stage 
of knowledge, no broad generalization is possible. Drug action being a complicated 
mechanism, other physical properties, such as solubility, permeability basidtv 
lOTuzation constant, optical rotation, etc. might also play important roles in their 
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Summary and conclusions. 

1. In the present paper, investigations have been carried out with different 
salts of adrenaline, morphine and stiychnine with a view to ascertain as to whether 
changes in the molecular weight could produce quantitative difference in responses 
on animal experimentation. 

2. In case of adrenaline, it has been observed that the tartrate salt, in 
equimolecular doses, produced greater pressor effect in spinal cats than the 
hydrochloride and citrate salts. 

3. In case of morphine also, the tartrate salt has been found to produce 
maximum analgesic and respiratory depressant action in rats and dogs as compared 
to the hydrochloride, sulphate and the meconate salts. 

4. In case of strychnine, the citrate and tartrate salts have been found to 
possess maximum convulsant action in frogs as compared to the hydrochloride salt. 

5. The role of molecular weight in this increased quantitative response, its 
limitations and the role of other factors such as solubility, permeability, dissociation 
constant, basicity, etc. has been discussed. 
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A concurrent stimulation of the adrenal cortex and hypertrophy of the 
thyroid was noted by Roy, Roy and Karkun (1957) in rats treated with testosterone 
propionate. Thyroid hormone plays an important role in regulating the adreno¬ 
cortical activity (Sclye, 1950; Williams, 1955) and it stimulates the adrenal cortex 
by augmenting the secretion of ACTH from the pituitary (Smith, 1930; Eartly 
and Leblond, 1954). The above observations, therefore, raised a question whether 
the adrenal stimulating action of testosterone requires the mediation of thyroid 
or not. Such a question becomes pertinent in view of the finding that while the 
androgen can stimulate the adrenals of experimental hypothyroid rats, the degree 
of stimulation is lessened when the hypothyroidism is of longer duration (Roy, 
Karkun and Sur, 1958). 

Roy, Roy and Mukerji (1956) have shown that thyroxine blocks the thyroid 
stimulating action of the androgen. A study of the influence of testosterone 
propionate on the adrenal cortex of thyroxine-treated animals was, therefore, 
undertaken with a view to elucidate further the role of thyroid gland in the action 
of the testoid on the adrenal cortex. 

Experimental procedure. 

Thirty-two young male albino rats of the Institute colony, weighing 4M4: 
4-1 g., were divided into four groups of 8 each. To one group thyroHne (15 /ig., 
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llw animals were sacrificed on the day following the final hormone treatment/ 
iijc adrenals ^^•cre amduliy dissected out, freed from adhering fat and weighed 
n a niiciobalance. i fie left adrenals were jnoccsscd for the determination of 
ascorbic acid and the right ones for the total cholesterol contents. The estimations 
01 ascorbic acid and total cholesterol contents were done according to tire methods 
described by Karkun c/a/. (1954) nnd Roy c/ a/. (1955), respectively. Six adrenals 
were allotted for each biochemical estimation. The rest of the glands were spared 
or Jistological examinations and were fixed in JO per cent formal saline. The 
thynoid glands were also suitably fixed for Jn'stological studies. Serial paraffin 
sections of the glands were stained with Ehrlich’s hematoxylin and counterstained 
wttli cosin. 


Results. 

Table I shows the w'cight, ascorbic acid and total cholesterol contents of the 
adrenals of different groups of animals. It is seen that testosterone propionate 
increases the weight of the adrenal and the ascorbic acid and total cholesterol 
contents of the gland record a fall. Thyroxine treatment seems to bring about an 
increase in adi'enal weight but the change fails to become statistically significant. 
The ascorbic acid and total cholesterol contents of the adrenals in this group are, 
however, significantly lowered from those of the control. The adrenals of the 
combined treated group show marked enlargement and they are significantly heavier 
than those of the animals treated with testosterone alone. The cholesterol contents, 
too,-show a greater decline. The ascorbic-acid content, however, though signi¬ 
ficantly lower than that of the control, is virtually at the same level as that observed 
in the testosterone-treated animals. 

Histological picture of the adrenals of the control animals presents a normal 
appearance of the cortical parenchyma (Plate X, fig. 1). The sinusoids are notice¬ 
able in between the columns of cortical cells. Medullary cells present a normal 
appearance. 

The adrenals in the testosterone treated group (Plate X, fig, 3) show consi¬ 
derable enlargement of the cortex. Cells of the zona glomerulosa show hyper¬ 
trophy. Considerable hypertrophy and hyperplasia of the cells are observed in 
the zona fasciculata and increased mitosis is noticeable. Some of the cells of zona 
reticularis and a few cells of the zona fasciculata show fatty metaplasia. Fat 
vacuoles are seen in the cytoplasm of the cells and the nuclei are pushed to one side 
giving the cells a typical signet-ring appearance. But this change is not consistently 
noted in all the adrenals. Vascularity of the gland is increased. Medullary cells 
present a normal picture. 
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Plate X. 





( All figures are photomicrographs, X 120 ) 

Fig. 1. A section through the adrenal of a normal rat. 

Fig. 2. A section through the adrenal of thyroxine-treated rat. Note the hypertrophy 
of the cortex. Compare with Fig. 1. 

Fig. 3. A section through the adrenal of testosterone propionate-treated rat. Note 
the hypertrophy of the cortex and fatty metaplasia of some of the cells of the 
inner cortical zones. Compare with Figs. 1 and 2. 

Fig. 4. A section through the adrenal of thyroxine plus testosterone propionate-treated 
rat. Note greater hypertrophy of the cortex and greater extent of fatty meta¬ 
plasia of the cortical cells in comparison -'"^^hose noted in testosterone 
treated group. Compare with Figs. 1 . N, 
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The adrenals in the thyroxine-treated animals show some enlargement of the 
cortex due to hypertrophy and hyperplasia of the cells of zona fasciculata (Plate X, 

fig. 2). 

Histological picture of the adrenal in the combined treated group (Plate XI, 
fig; 4') is more or less same as that observed in the adrenals of testosterone-treated 
animals. But the fatty metaplasia of the cortical cells are found consistently and 
seem to be more pronounced in this group. This change occurs in some of the cells 
of zona reticularis and zona fasciculata. Increased vascularity of the gland is 
noticeable. 

Microscopical examination of the thyroid reveals that testosterone causes 
hypertrophy and hyperplasia of the acinar cells. Thryoxine treatment produces 
atrophy of the acinar cells both in normal and testosterone-treated animals. It 
thus becomes quite evident that the former hormone has blocked the thyroid- 
stimulating action of the latter. 
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Discussion. 


Data presented in this study show that testosterone stimulates the adrenal 
cortex of the rat. It produces hypertrophy of the adrenal and lowers the ascorbic 
acid and total cholesterol contents of the gland. These findings corroborate the 
previous observations by Roy, Roy and Karkun {loc. cit.). But here, the fatty 
metaplasia is not observed consistently and is of lesser degree in comparison to ' 
that observed in the previous study. It may be due to the fact that the duration 
of treatment with the testoid in the present experiment was less than that of the 
previous one. 

Changes in the weight of the adrenal along with those in the chemical 
constituents indicate that thyroxine also stimulates the adrenal cortex. These 
observations are in agreement with those by previous investigators (Selye, loc. cit., 
Kar et al., 1955). 

The weight of the adrenals in the combined treated group is greater not only 
than that of the controls but also than that of either thyroxine or testosterone-treated 
animals. In fact, the enlargement of the adrenals reflects the additive effect of the 
influraces of the two hormones. Degree of depletion of the cholesterol content, 
too, in this combined treated group, appears to point out the same additive effect. 
The change in the vitamin content is, however, the same as noted in the animals 
treated with testosterone alone. The reasons for the discrepancy in the behaviour 
of the two chemical constituents is not clear. Of course, it has been seen that 
the changes in these two constituents of the adrenal do not always run parallel, 
(Tepperman etal., 1947j Pinchot etal., 1949). 

It is thus seen that testosterone exerts its stimulating influence on the adrenal 
cortex in spite of the fact that the thyroid-stimulating action of the sex hormone 
is blocked by thryoxine. Moreover, it appears that the additive effect of the two 
hormones is obtained in the combined treated group. The changes in the adrenal 
weight and the cholesterol content of the gland at least support such a viewpoint. 

It seems, therefore, quite reasonable to conclude that this adrenal stimulating 
action of testosterone propionate does not mediate through the thyroid 
gland. 

The fatty metaplasia of the adrenal cortical cells as noted in the testosterone- 
treated animals requires some comment. This fatty change is presumably due to 
peripheral interactions between testosterone and the adrenocorticotrophic hormone. 

It fails to develop in the absence of the latter hormone but becomes, particulaily, 
more pronounced in those cases where the animals are simultaneously treated witi 
corticotrophic preparation in addition to testosterone (Seyle, loc. cit.). Our present 
observations seem to be significant in this respect. Though there occurs nmonsis 
tently some amount of fatty metaplasia of the adrenal^ cortical cells in the rats 
treated ^vith testosterone alone, this change becomes consistent and more prommen 
in the animals treated with thyroxine in addition. Probably, the increased amoun 
of ACTH secreted by thyroxine (Eartly and Leblond, loc. cit.) accentuate the 
fatty metaplasia of the adrenocortical cells brought about by testosterone 
treatment. 
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Summary. 


203 


Administration of testosterone propionate causes stimulation of the adrenal 
cortex of normal and thyroxine-treated rats producing hypertrophy and hyperplasia 
of the cells and causing depletion of the total cholesterol and ascorbic-acid contents 
of the gland. Fatty metaplasia of the cortical cells brought about by testosterone 
administration seems to be enhanced .following simultaneous treatment with 
thyroxine. The significance of these findings in the elucidation of the mechanism 
of action of testosterone arc discussed. 


Thanks arc due to Dr. B. Mukerji and Dr. N. N. De for tlie helpful suggestions. 
The award of a Research Assistantship to one of the authors (S.N.R.) by the Indian 
Council of Medical Research is acknowledged. 


REFERENCES. 


Eartcv, H., and Leblo.vd, C. P. (1954) 

Iv/VR, A. B., Roy, A. C., Karkun, J. N., and 
Rov, S. N. (1955) 

Karku.v, j. N., Kar, a. B., and Datta, S. N. 
(1954) 

Pi.NCiiOT, G. B., Close, V. P., and Long, 
C. N. H. (1949) 

Rov, A. C., Datta, S. N., and SuR, R. N. (1955) 
Roy, S. N., ICsrkun, J. N., and Sur, R. N. 
(1958) 

Roy, S. N., Roy, S. K., and Kurkun, J. N. 
(1957) 

Roy, S. N., Roy, S. K., and Mukerji, B. (1956) 
Selye, H. (1950) 

Smith, P. E. (1930) 

Tepper.\ia.v, j., Tepper.man, H. M., Patton, 
B. W., and Nim, L. F. (1947) 

Williams, R. H. (1955) 


Endocrinol, 54 , p. 249. 

Arch. Inter. Pharmacodjn., Cl, No. 2, p. 247. 

Acta Endrocrinol., i6,p. 187. 

Endrocrinol., 45,p. 135. 

Jour. Set. Industr. Res., * 40 , p. 124. 

Acta Endocrinol., sty, p. 216. 

Ind.Jour. Med. Res., 45 , p. 237. 

Ibid., 44 , p. 427. 

‘ Stress ’ Acta. Inc. Montreal, Canada. 

Amer.Jour. Anat., 45 , p. 205. 

Endocrinol., 41 , p. 205. 

‘ Textbook of Endocrinology ’, W. B. Saunders 
Co., London. 




Ind. Jour. Med. Res., 46, 2, March, 1958. 


DIETHYLCARBAMAZINE (HETRAZAN) IN TROPICAL 

EOSINOPHILIA. 

BY 

R. D. GANATRA*, 

U. K. SHETHf, 

AND 

R. A. LEWISJ. 

{From the Department of Pharmacology, Seth G. S. Medical College, Bombay 12.) 

[Received for publication, June 20, 1957.] 

Introduction. 

Weingarten (1943) described his accidental discovery of arsenic as a specific 
therapeutic agent in the treatment of tropical eosinophilia. Since then, many 
other workers have confirmed the effectiveness of various organic arsenicals in 
this disease (Hcilig and Visveswar, 1943: Misra et al., 1953; Patel, 1945; and 
Vishwanathan, 1948). Clinical cure has been described in 50 per cent to 98 
per cent of the patients after the use of arsenicals (Chaudhuri et al., 1954; and 
Vishwanathan, loc. cit.). In the majority of patients, symptomatic relief is nothing 
short of dramatic. Most of the workers have preferred to use neo-arsephenamine 
or acetylarsen. Oral preparations, such as carbarsone, are considered to be less 
effective than the injected material but good comparative studies are lacking. 
Unfortunately, most of the therapeutic work in this disease was not accompanied 
by adequate blood examinations during or after the treatment. 

Why arsenic should hold such an unique therapeutic effectiveness is an 
intriguing question. Arsenic might act upon a yet unidentified parasite which 
invades the human host or it may be effective as a cytoplasmic poison, depressing 
the haemopoietic activity or selectively interfering with eosinophil formation 
(Reeder and Goodrich, 1952). 
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Any other drug, which has parasiticidal or bone-marrow depressant activity 
might be effective in tropical eosinophilia. In the past, various other drugs had 
been experimented with. Bismuth and antimony were tried in vain (D’Abrera, 
1946). Sulpha drugs and penicillin were used with uncertain effects (Joseph, 
1946; and Ghaudhuri et al.^ loc. cit.). Somewhat better results have been reported 
with aureomycin (Ghaudhuri, 1950; and Rao and Krishnan, 1952). However, 
this drug does not seem to be as effective as arsenic and is much more costly. 
AGTH and cortisone produce a prompt remission but a relapse occurs as soon as 
the di'ug is withdrawn (Ghaudhuri, 1951; Ghaudhuri et al., loc. cit.-, and Reeder 
and Goodrich, loc. cit.). We tried WIN 5047 (newer amebicidal drug), mepacrine, 
chloroquine, aminopterin (Ganatra and Lewis) and hetrazan in this condition. 
Results with aminopterin are referred to, subsequently in this article. All the 
drugs tried by us, except hetrazan, were found to be without any effect on the course 
of the disease. A preliminary report on the effectiveness of hetrazan in tropical 
eosinophilia was published by Ganatra and Lewis (1955). The results of subsequent 
trials of this drug, used in different doses, are reported here. 

There are various genuine difficulties in establishing a well-controlled clinical 
trial in this condition. Even though the clinical features of this syndrome are 
fairly distinct, there are many patients with high eosinophilia and bizzare 
symptoms. There is no linear correlation between the severity of symptoms and 
the degree of eosinophilia. A basic diagnostic limit of eosinophilia is not set. 
Evaluation of the effectiveness of a drug cannot be based upon the relief of clinical 
symptoms only, as they are liable to great subjective variations. Differential 
eosinophil counting is subject to a great deal of technical error and can lead to a 
false impression during the follow-up of the patient. The natural course of the 
disease is not well known, however, it is certain that the disease is characterized by 
frequent spontaneous remissions. An attempt has been made to obviate these 
difficulties at various stages, in the present trial. 


Method. 

Results of treatment in 94 consecutive patients of tropical eosinophilia, 
treated with different dosages of hetrazan are recorded. These results are com¬ 
pared with results obtained in two control groups. The first control group consisted 
of patients who were kept without any specific treatment, the seeond control group 
comprised of patients who were treated with carbarsone. All the patients under 
observation were outdoor patients, and all the therapeutic trials were conducted 
on an ambulatory regime. 

Selection of patients .—^The selection of patient for observation was based on the 
presenting complaints and the initial total eosinophil count. Each patient was 
required to have predominant respirator}^ symptoms. Usuall)', these symptoms 
were cough and difficulty in breathing. Cough was dry, hacking, paroxysrnal, 
nocturnal and accompanied by scanty expectoration. Difficulty in breathing 
was of various types. Some patients had just a choking sensation after 
a bout of cough, some felt actually dyspnoeic after such a paroxysm and a few of 
the patients had wheezing expirator}'^ dyspnoea typical of bronchial asthma. 
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N’nrious coiistiuuional symploms, such .ns mal.nisc, lassitude, anorexia and loss of 
\s-eight were also noted. 

Clinical symptoms were graded according to their severity. Patients with 
cough, repealed asthmatic attacks and marked constitutional symptoms were 
classed as 3 plus severity, patients having cough and occasional attacks of difficulty 
in breathing were put as 2 plus severity, and all the patients with cough only, 
were grouped in a class marked 1 plus severity. 

The total white blood cell and the total eosinophil count rvas done in each 
patient before and repeatedly after the course of treatment. The total eosinophil 
counts were done by the modified Pilot’s method, as described by McFarlane and 
Cecil (1951). No patient ^vas taken in the present series unless his total eosinophil 
count \vas above 5,000 cells per c.mm. The fact, that patients having counts 
lo\vcr than this may sufi'er from tropical eosinophilia is not denied, but this limit 
was fixed with two views; eosinophilia lower than this limit may be due to various 
other causes, and a fall in the total eosinophil count cannot be well appreciated if 
the initial count is below 5,000 cells per c.mm. 

It was not feasible to take a skiagr.am in all the patients, but fluroscopy was 
performed repeatedly during and after the treatment. The findings on the physical 
examination of the patient and on fluoroscopy were useful mainly to exclude any 
other concurrent condition from which the patient might be suffering. 

In 40 consecutive patients, routine examinadon of fresh stools was done. 
Hetrazan is known to be effective in certain helminthic infestations of the intestinal 
tract, and these examinations were undertaken to ascertain if the presence of any 
particular helminth was characteristic of tropical eosinophilia. 

Allocation of patients in different treatment groups .—It was decided to have the 
following 8 groups of patients:— 

(1) A group comprising of patients who were not given any specific treat¬ 
ment. It was desired to keep this group without a specific treatment for an 

indefinite period. They ^vere given placebos during the period of observation. 
The period of observation was not constant in all the patients, but in all of them 
at least one blood examination was done after a period of 8 days. 

(2) A group of patients treated with 0-26 g. of carbarsone twice daily for 
ten days. 

(3) A group of patients treated with 13 mg./kg. of hetrazan daily for four 

days. 

(4) A group of patients treated with 13 mg./kg. of hetrazan daily for 
8 days. 

(5) A group of patients receiving 6 mg./kg. of hetrazan daily for 4 days. 

(6) A group of patients receiving 6 mg./kg. of hetrazan daily for 8 days. 

(7) A group of patients who were given 3 mg./kg. of hetrazan daily for 
8 days. 

(8) A group of patients who were given 26 mg./kg. of hetrazan in 24 hours 

administered in three divided doses. - - 
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Each group was taken up consecutively. Only when the required quota 
of patients were allocated to one group, the subsequent group was embarked upon. 
Thus, essentially the distribution of patients in each group was at random. The 
first two groups were supposed to act as controls to all the other groups. It was 
desired to have about 30 patients in each of these two control groups, and to have 
about 20 patients in each of the subsequent groups. It will be seen that number of 
patients in each group was somewhat less because some of the patients had to be 
eliminated from the series due to a lack of sufficient follow up study. 

Observations during the treatment periods —No drug was used for symptomatic 
relief during the course of treatment with the specific drug under trial. Usually, 
the patients were given a four days’ quota of the specific drug with definite instruc¬ 
tions about its administration. After this period, he was re-evaluated as regards 
symptoms. A blood examination was usually done at the end of the treatment 
period, but occasionally during treatment. 

Follow-up. —^Atleast a month’s follow-up after the end of the treatment was 
aimed at, and a minimum of one blood examination was desired during each week 
of this month. This was not possible in many of the cases. 

A period between the 8th and the 12th day after the initiation of the treat¬ 
ment, was designated as the ‘ critical period and one blood examination during 
this period was always sought for. As this period was kept uniform in all the 
groups, a good comparative evaluation of the per cent fall in the total eosinophil 
count could be made. 

During the follow-up period patients were given placebos. 

Criteria for cure, —^Improvement in a patient was judged on the basis of 
amelioration of his presenting symptoms and the degree of fall in his initial total 
eosinophil count. Emphasis was mainly on the latter factor. The treatment 
was considered successful, if the patient had a total eosinophil count below 2,500 
within one month following the treatment. In case he could not be followed up 
for this period, if he had a fall of more than 50 per cent during the ‘ critical period ’ 
the treatment was also considered as successful. If a second blood examination 
within a fortnight after the critical period showed a rise in the eosinophil count, 
the treatment was judged to be a failure. In a patient in whom a significant fall 
in the total eosinophil count was not accompanied by symptomatic improvement, 
the results were called equivocal, but this situation was rare. A statistical comparison 
between the different groups was attempted on the basis of percentage fall in the 
eosinophil count during the critical period and also on the number of treatment 
failures as judged by the above criteria. 

Results. 

One hundred and fifty-one patients were observed during the period between 
Februar)' 1955 and September 1955. Ninety-four of these paticnp were treated 
with hetrazan, 27 patients were treated with carbarsone and 30 patients were kept 
without any specific treatment. 

I. Group without any specific treatment.—H'nirty patients were kept without 
specific therapy for a minimum period of 8 days (Graph 1). Thirteen patients 
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were observed till second ^veckJ 5 patients till third week, 4 patients till fourth 
week and 8 patients were observed for more than one month. Maximum period 
of obseiwation attained in one patient was 79 days. Each observation consisted 
of assessment of symptoms and blood examination. 


Graph 1. 



According to the criteria defined above, only in 3 patients the outcome was 
favourable. Even so, none of these patients had complete symptomatic relief, 
and only one patient attained eosinophil count lower than 2,500. 

Graph 1 shows that most of the total eosinophil counts during the follow up 
period were persistently higher than 5,000. Mean fall in the total eosinophil 
count during the critical period (i.e. between 8th and 12th day) was only 11 per 
cent, with standard deviation of 46 and standard error of 9 (Table II). Fall of 
more than 50 per cent in the eosinophil count during this period was observed only 
in 3 patients, of which one showed a subsequent rise (Table III). 

II. Group treated with carbarsone .—One tablet of 0-26 g. of carbarsone was 
administered twice daily for 10 days to 27 patients (Graph 2). 

Four patients failed to show a satisfacto^ response to the treatment (Graph 2). 
One of these patients had persistent eosinophilia even after one year. Two patients 
reported after one year, with relapse. One patient had temporary aggravation of 
symptoms during the first few days of treatment. 

The majority of the patients reached an eosinophil count blow 2,500 by fourth 
week. The mean fall in the total eosinophil count during the critical period was 
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43 per cent with a standard deviation of 40 and standard error of 8 (Table II). 
Only 11 patients achieved a fall of more than 50 per cent during this period 
(Table III). 

Graph 2, 



III. Group treated with 13 mg.jkg. ofhetrazan daily for 4: days .—^Thirteen patients 
received the above dose ofhetrazan for 4 days (Graph 3). 

Graph 3. 
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Eleven i^atienls were adjudged lo have been cured. Two patients showed 
an unfavourable resjionse. One of them developed a pleural effusion during the 
course of the treatment, and the other showed a relapse of symptoms and rise 
in the eosinophil count after an initial improvement (Graph 3). One patient came 
back with a relapse after 10 months. 

Aggravation of symjjtoms for few days earlier during the course of the 
treatment teas noticed by three patients. 

The mean fall in the eosinophil count during the critical period was 58 per 
cent, with the standard deviation of 36 and standard error of 10 (Table II). More 
than 50 per cent fall was found in 10 patients (Table III). 

R^. Group treated ivith 13 mg.j/cg. of hetrazan daily for 8 days. —Only 6 
patients were taken up for treatment with Utis dosage schedule (Graph 4). Further 
patients were not taken up in this group because our supply of hetrazan was 
limited and this series \vas consuming a large amount of hetrazan. 


GRiVPH 4. 



All the patients in this group were completely cured during the follow-up 
period. The mean fall in the eosinophil count during the critical period was 71 
per cent with a standard deviation of 13 and standard error of 5-5 (Table II) 
All except one of the Pf ients had more than 50 per cent fall in the eosinophilia 
during this period (Table III). 


V. Group treated with 6 mg.jkg. of hetrazan daily for 
patients in this group (Graph 5). 


4 days .—^There were 16 
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Graph 5. 



The therapy was unsuccessful in 7 patients. Three of these patients showed 
a good response during the critical period, but thereafter their condition 
deteriorated. Initial aggravation of symptoms was seen in only one case. 

The mean fall in the eosinophil count during the period between 8th and 
12th day was 61 per cent with a standard deviation of 25 and standard error 
of 6 (Table II). More than 50 per cent fall during this period was seen in 10 
patients (Table III). Out of these 10, 2 subsequently showed a significant rise 
of eosinophil level. 

VI. Group treated with 6 nig.jkg. of hetrazan daily for 8 days, —Twenty-three 
patients were taken up for trial with this schedule (Graph 6). 

Failure to respond to treatment was observed in 3 patients. Two of these 
were, afterwards, treated with carbarsone and the third patient with a similar 
second course of hetrazan, and all of them showed favourable results. None of 
the patients experienced aggravation of symptoms during the earlier part of the 
treatment. 

Graph 6 shows that majority of the patients had their eosinophil count lower 
than 2,500 soon after the end of the treatment. Mean fall of eosinophilia during 
the critical period was 71 per cent, with a standard deviation of 22 and standard 
error of 4*7 (Table II). Only 3 patients did not have a fall of more than 50 per 
cent during this period (Table III). 

VII. Group treated with 3 mg.jkg. of hetrazan daily for 8 days.—Seventeen 
patients were included in this group (Graph 7). 
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Graph 7. 



Four patients did not show any improvement with this treatment. Instead 
of significant improvement, 3 of these patients became, worse after treatment. 
Good results were seen when two of the patients from this failure group were 
retreated with a second course of hetrazan. 
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Mean fall in the total eosinophil count during the critical period was 51 
per cent, with a standard deviation of 54 and standard error of 13-5 (Table II). 
Eleven patients had a fall of more than 50 per cent during this period (Table III). 

VIII. Group trealed with 26 tng.jkg. of hetrazan for one day .—26 mg./kg. of 
hetrazan was administered in three divided doses for only one day in 19 patients 
(Graph 8). 

Graph 8. 



Three patients did not show a good response to this regime. However, it 
was likely that two of them would have shown good response if the foliow-up could 
have been extended. 


All the patients in this group experienced aggravation of their symptoms on 
the day following the treatment. 

The mean fall in the eosinophilia during the critical period was 69 per cent, 
with standard deviation of 22*8 and standard error of 5-2 (Table Ilh Less than 
50 per cent fall was observed during this period in only 4 patients (lable 111], 

Examination of stools. —This done in first 40 consecutive patients treated 

with hetrazan. In 24 patients no ova or parasites were seen in the stools. Ova ol 
round%vorms were seen in only 6 patients, of hookworm^ in 3 patients, of t irea 
worm in 2 patients and giardiasis was observed in 5 patients. 


Comments. 

All the patients presented in this series had a uniform 
literature concerning tropical eosinophiha, a few cases wth wdely different 
have be®en /escribed (cLudtari s/ al., he. at.) but as a general 



215 


R. D. Ganatra, U. K. Sheth and R. A. Lewis. 

rule the majorily of patients conform to a definite clinical entity. It is possible to 
sus])cct this condition from clinical examination alone. 

d'he mode of onset of this disease is insidious. Paroxysmal bouts of cough 
with scant)' mucoid cxpcctoi'ation is the chief complaint. After such a bout, 
difficulty in breathing is felt by a large number of patients. This may be ex¬ 
perienced as a suffocating sensation in the chest or as marked respiratory distress. 
Frequency and severity of the paroxysms of the cough arc accentuated at night. 
This accentuation is so characteristic of the disease, as to be of diagnostic significance. 
Lack of sleep causes great weariness and desperate desire for rest. Patients having 
considerable nocturnal distress not infrequently remain comfortable and compara¬ 
tively free from symptoms during the day. Constitutional symptoms, such as 
malaise, lassitude, anorexia, etc., arc common. In a chronic case loss of weight 
is noticed. Mild pyrexia is described for few days at the onset or irregularly for a 
day or so during the course of the disease. Scarcity of physical signs is striking. 
Absence or presence of physical signs cannot be correlated with the severity of 
symptoms. When present, physical signs arc usually confined to the lungs, and 
arc perceived mainly on ascultation. They usually consist of prolonged expiration 
with sibilant and sonorous rhonci scattered all over or heard in a localized area. 

Even though the clinical picture is fairly definite, this criteria is highly 
subjeedve. The gradation of the symptoms is likely to be variable according to the 
bias of either the patient or the physician. Very little importance is given to 
symptoms in the evaluation of therapeutic results in the present work. Emphasis 
is placed mainly on the total eosinophil count, which is a definitive and objective 
criterion, and, hence, comparison of results in different groups is likely to be 
sound. 

Total eosinophil counting by the modified Pilot’s method is a more reliable 
index of the number of circulating eosinophils than the usual differential counting. 
No linear correlation seemed to exist between the level of eosinophilia and the 
severity of symptoms, but for a particular individual, fall in his initial eosinophil 
level was always associated with improvement in symptoms. 

Ganatra and Lewis (unpublished) had administered aminopterin, one of the 
potent anti-folic acid drugs, to six patients with tropical eosinophilia. A fall of 
more than 50 per cent in the total eosinophil count was noted in each patient after 
giving a total dosage bordering on the toxic level. The symptomatic relief was 
significantly marked at this stage in all but one case. In all the patients, as soon 
as the drug was withdrawn, re-appearance of the symptoms and a rapid rise in 
the eosinophil counts were noted. Similar results have been observed with the use 
of ACTH and cortisone (Chaudhuri, 1951; Chaudhuri e( al., loc. cit.\ and Reeder and 
Goodrich, loc. cit.). A precipitous fall in the eosinophil count with prompt remission 
of symptoms has been demonstrated after these drugs, but a rapid relapse to pre¬ 
treatment conditions shortly after stoppage of therapy was noted in many patirats 
The most illuminating fact that stands out, is that the reduction in the eosinophils 
was invariably associated with a clinical improvement. Response to both 
aminopterin and adrenal cortical hormones suggests that the syniptomatologv of 
this disease is mainly conditioned by the degree of eosinophilia, and for temporary 
clinical improvement, eradication of the primary disturbance is not necessary 
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From the above data^ we were led to an assumption that the fall in the eosinophilia 
IS the surest guide to judge_ the improvement in a patient under treatment, and 
nence all the statistical considerations as regards to comparisons between different 
groups are based entirely on this sole factor. 

The prime object of the present work was to determine the dose and evaluate 
toymmediate effectiveness of hetrazan in the treatment of tropical eosinophilia. 
iJifterent groups of patients were treated with different dosages of hetrazan and 
t e resum in each group were compared with the results of two control groups, one 
kept without treatment and the other treated with carbarsone. The results in 
different groups treated with hetrazan were also compared amongst themselves. 
These comparisons gave an idea of the absolute and the relative efficacy of hetrazan 
respectively. This investigation tries to establish the immediate effectiveness of 
hetrazan in tropical eosinophilia. As the follow-up period in individual cases is 
not long enough, no conclusion as regards to long-term effects on the frequency 
of relapses could be made. No comparison between parenteral arsenic and 
hetrazan was atternpted, because it was not considered wise to treat a relatively 

benign condition like tropical eosinophilia with such a potentially toxic druff 
(Mehta, 1955). r 6 

As explained before, allocation of patients to different treatment groups was 
made at random. It was necessary to establish that the different treatment groups 
were comparable with each other, i.e., whether the randomization was effective 
or not. The pretreatment total eosinophil count was taken as an objective index 
to each patient, and the mean eosinophil count of the groups were compared 
(Table I). 

Table I. 


Group. 

Number of patients 
in the group. 

1 

Mean eosinophil count 
per c.mm. 

'I. No treatment 

30 

15,600 

II. Carbarsone ... 

27 

15,230 

Hetrazan :— 



III. 13 mg./kg. daily for 4 days 

13 

14,070 

IV. 13 mg./kg. daily for 8 days 

6 

18,600 

V. 6 mg./kg. daily for 4 days 

16 

15,440 

VI. 6 mg./kg. daily for 8 days 

23 

14,060 

VII. 3 mg./kg. daily for 8 days 

17 

13,560 

VIII. 26 mg./kg. for one day 

19 

10,860 


Group Nos. I, II, III, V, VI, VII are well comparable and no significant 
difference exists in the mean eosinophil counts of these different groups. 
Group IV comprised of very few patients and the mean eosinophil count is higher 
than in the other groups. Hence, comparison of this group with the other groups 
is not likely to be valid. Group VIII has a statistically significant lower mean 
eosinophil count but the difference is small and comparison with other groups is 
likely to be valid. 

Actions of hetrazan in filariasis are too well known to be enumerated here. 
"BKecently, it was found to have an action against intestinal nematodes as well. 
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/S^caris lumbricoidcs and cnlcrobius arc afTcclcd by its administration (Drill, 1954), 
This action on the intestinal nematodes is supposed to be fundamentally different 
from the action on the microfilaria: and depends on the presence of the piperazine 
ring. A vain search for microfilaria; in the blood of patients suffering from tropical 
cosinophilia has been made by several workers (Chaudhuri et al., loc. cit.). When 
we accidentally found tlic effectiveness of this drug in tropical cosinophlia, we 
thought it probable that this effect might be due to its action on intestinal parasites. 
Loefilcr, while describing a similar syndrome, had incriminated roundworms as 
the cause of the massive peripheral eosinophilia (Chaudhuri et al., loc. cit.). Findings 
on stool examination of the first -10 patients in the present scries did not lend 
support to this contention. More than half of these patients had no demonstrable 
parasite in their intestinal tract. Only 6 patients had ascariasis. Irrespective of 
the presence or absence of a helminth in the stools, all these patients showed a good 
response to the administration of carbarsonc or hetrazan. 

If left untreated, a patient of a tropical cosinophilia is likely to have frequent 
periods of remissions. To study the likelihood of improvement in symptoms 
coinciding with the natural period of remission, a control group of 30 patients was 
kept without any specific treatment. All the patients were followed beyond one 
week. Only three patients had remission, and even out of these three only one 
reached an eosinophil count lower than 2,500. The rest of the 27 patients failed 
to improve without treatment. The rate of failure, thus, is significantly very much 
higher as compared to the treatment groups. The mean fall in the eosinophil 
count was only 11 per cent, and this is much less than in the treated groups. The 
number of patients having more than 50 per cent fall in the eosinophil count during 
this period is also significantly low. It can be concluded that it is highly unlikely 
.that a majority of patients having the classical symptoms of tropical eosinophilia 
and with a total eosinophil count above 5,000, will improve without any treatment 
within the short period of a fortnight although this may happen in one out of ten 
cases. 

Patel {loc. cit.) had observed that oral treatment with carbarsone was as 
effective as the parenteral arsenic and, moreover, it was easier to administer. From 
a group of 27 patients, all except four showed a satisfactory response to this drug.' 
When compared with the previous control group, the effectiveness of the drug 
stands undoubted. The improvement of the symptoms and the fall in the count 
were seen soon after the end of the 10 days’ course of treatment. Initial aggrava¬ 
tion of symptoms was observed in only one case, and it dit not seem to be as 
frequent as when a large dose of hetrazan was used. The mean fall of 43 per cent 
during the critical period is significantly much higher than the no treatment group, 
but is significantly lower than in the groups treated with hetrazan in the dose of 
13 mg./kg. daily for 8 days, 6 mg./kg. daily for 8 days or 26 mg./kg. for a day, and 
it is on par with the groups treated with other doses of hetrazan. The same 
holds true as regards the number of patients haying more than 50 per cent fall in 
the eosinophil count during the critical period. 

Hetrazan, 13 mg./kg. daily for 4 days, was the first dose schedule tried in 
present series. This dose was selected because a similar dose is used in the treat¬ 
ment of ascariasis (Drill, loc. cit.). Two patients, out of the total group of 13 were 
considered as failures. One of them had developed a pleural effusion during the 
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course of the treatment. This is a highly unusual complication. In his series of 
207 patients, Vishwanathan [loc. ciL) met with this complication in only one case. 
The number of failures is not significantly less than that obtained with carbarsonc, 
or with any other group treated with hetrazan. Temporary aggravation of symptoms 
initially in the course of the treatment was perhaps more frequent than that in the 
Carbarsone group. The mean fall in the eosinophil count was 58 per cent, and 10 
patients had more than 50 per cent fall during the critical period. These figures 
are in no way statistically better than those obtained with carbarsone. This dose 
was as effective as carbarsone, but in no way better. 

A dose of 13 mg./kg. of hetrazan daily for 8 days was tried in only 6 patients 
for the reasons previously mentioned. All the patients in this group showed a 
favourable response to the treatment. The mean fail in the eosinophil count 
during the critical period was 71 per cent^ and 5 patients had more than 50 per 
cent fall during this period. All these factors appear to suggest that this dose 
schedule is better than the carbarsone group and the previous group treated with 
the same dose for half the number of the days, but the number of patients in this 
group is so small that statistical conclusions are not valid. 

Table II. 

Comparison of mean per cent fall in the total eosinophil count during the critical period*. 


1 

Group. 1 

1 

1 

Mean 
i fall, 

1 per cent. ^ 

i 

j Standard 
deviation. 

i 

i 

j Standard 
error. 

j Statistical 

1 evaluation as 
compared to 
no treatment 
group. 

! 

Statistical evaluation 
as compared to 
carbarsone group. 

No treatment (28) t ... | 

II 

46 

9 

I 

Significantly less fall. 

Carbarsone (25) ... | 

i 43 

i 40 j 

8 

' Significantly! 

Belrazan :— ; 

13 mg.jkg. daily for 4 
days(13) ... | 

1 

i 58 

i 

t ' 

36 i 

20 

) more fall 

1 

1 

1 ) > ii 

No significant dificrcncc. 

13 mg.jkg. daily for 8 
days (6) ... ' 

1 

71 

13 j 

5-5 

\ r'i 

Significantly more fall. 

6 mg./kg. daily for 4 ; 
days (16) 

61 i 

25 

6 

j 

' iy M 

No significant difference. 

6 mg./kg. daily for 8 
days (22) 

71 

22 

4-7 

t 

> J >> 

Significantly more fall. 

3 mg./kg. daily for 8 ^ 
days (16) ... i 

51 

54 

1 

I 13-5 

1 >9 a 

No significant difference. 

26 xng,/kg. for 1 day (19)| 

i 

69 

23 

1 5-3 

1 j» ji 

Significantly more fall. 


*A few patients on Avhom obscn’ations were not obt.ainccl during the critical period arc onnttcd 
for this statistical consideration. 

f Indicates number of patients in each group. 


Seven patients out of a total of 16 in the group failed to respond to a dose of 
6 me./kg. ofhetrazan daily for 4 days. The rate offailurc is, still, much less than the 
control group 'irithout treatment. Initial aggravation of the symptonis was in¬ 
frequent. The fact that only 10 patients had more than 50 per cent fall m the 
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total eosinophil count and the mean fall in the eosinophil count of 61 per cent, 
proves that the drug is in no way better than carbarsonc. 

Table III. 

Comparison by chi-square method of the number of patients having more than 
50 per cent fall in the total eosinophil count during the critical period*. 


Group. 

Number 

of 

patients 
in the 
group. 

Number of 
patients hav¬ 
ing more 
than 50 per 
cent fall in 
the eosino¬ 
phil count. 

Statistical 
evaluation 
as compared 
to no 
treatment 
group. 

Statistical evaluation 
as compared to 
carbarsonc group. 

No treatment 

28 

3 

• • • 

Significantly less fall. 

Carbarsonc 

25 

11 

Significantly 

Hetrazan :— 

13 mg./kg. daily for 4 days 

13 

10 

more fall 

>» 

No significant difference. 

13 mg./kg. daily for 8 days 

6 

5 


Significantly more fall. 

6 mg./kg. daily for 4 days 

16 

10 

>> >5 

No significant difference. 

6 mg./kg. daily for 8 days 

22 

19 


Significantly more fall. 

3 mg./kg. daily for 8 days 

16 

12 

>> >> 

No significant difference. 

26 mg./kg. for 1 day 

19 

15 

>> >> 

Significantly more fall. 


•A few patients on whom observations were not obtained during the critical period are omitted 
for tliis statistical consideration. 


Table IV. 

Comparison by chi-square method of successes and failures in different groups. 



Number of 



Statistical 



patients 

Number of 

Number of 

evaluation as 

Statistical evaluation 

Group. 

in each 

failures. 

successes. 

compared to 

as compared to 


group. 



no treatment 

carbarsonc group. 





group. 

No treatment 

30 

27 

3 


Significantly more failures. 

Carbarsonc 

27 

3 

24 

Significantly 
fewer failures 


Hetrazan :— 






13 mg./kg. daily for 4 days 
13 mg./kg. daily for 8 days 

13 

6 

2 

0 

11 

6 

tJ 33 

No significant difference. 

6 mg./kg. daily for 4 days 

16 

7 

9 



6 mg./kg. daily for 8 days 

23 

3 

20 



3 mg./kg. daily for 8 days 

17 

4 

13 



26 mg./kg. for one day 

19 

3 

16 

3 3 33 

” 33 

)) 


However, when the same dose was given for 8 days, the number of patients 
failing to respond to treatment .was significantly less. The mean fall in the 
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eosinophil count during the critical period was 71 per cent, and 19 patients had 
more than 50 per cent fall. These results show that in this dose schedule hetrazan 
is significantly better than carbarsone at a dose level of 0-52 g. daily for 10 days. 

Hetrazan in a dose of 3 mg./kg. for 8 days, showed 4 failures to treatment 
out of 17 patients. Mean fall during the critical period was 41 per cent and 12 
patients had more than 50 per cent fall. This regime gives results comparable to 
those obtained with carbarsone. 

A large single dose of hetrazan has been tried in the treatment of filariasis, 
(Laurie, 1949). On this basis, it was decided to try a single dose of 26 mg./kg. 
of hetrazan. Single doses larger than this have been tried in the treatment of 
filariasis without any untoward effects. (Laurie, he. cit.). When the above dose 
was given to few patients of tropical eosinophilia, a severe but transitory reaction 
developed in all patients. The reaction consisted of fever, marked asthmatic 
attack and vomiting, and was similar to the Herxheimer reaction noticed in the 
treatment of syphilis. The same daily dose was then, divided into three portions 
and was administered at 4 hours intervals to a group of 19 patients. There were 
only three treatment failures in this group, mean fall of eosinophil level during the 
critical period was 69 per cent, and less than 50 per cent fall was seen in only 4 
patients. This suggests that such a regime had better results than the carbarsone 
group. Slight temporary aggravation of symptoms was still noticed in all the 
patients who were administered 3 doses. The effectiveness of this single day treat¬ 
ment is surprising. 

It is a well-known fact that this disease is likely to recur even a long period 
after successful treatment. In the present series, 3 patients came with a relapse 
after a lapse of 10 to 12 months. 

There is no doubt that hetrazan was uniformly effective in lowering the total 
eosinophil count and in producing symptomatic cure in the majority of the patients 
in the present series. Almost all the dosage schedules of hetrazan tried were found 
to be effective, but minor variations were seen in the degree of effectiveness. 

The number of patients failing to respond to treatment in the carbarsone 
group and in the different hetrazan groups was not significantly different. Relief 
of symptoms was usually earlier \vith hetrazan despite the fact that temporary 
aggravation of symptoms early in the course of the treatment was more frequent 
when high doses of hetrazan were employed. 

About 12 years after the first report of the usefulness of organic arsenicals, 
another drug is found to have equal, if not better, therapeutic response. The 
effectiveness of hetrazan in reducing eosinophilia associated with proved filarial 
infection has been noted in the past by various workers ( Faure, Geyer and Gueffier, 
1955; Freiss, Pierrou and Segalen, 1953; and Galliard and Lariviere, 1953). 

Three dose schedules of hetrazan, namely 13 mg. /kg. daily for 8 days, 

6 me./kg. daily for 8 days and 26 mg./kg. daily for one day, produced a better fall 
in the eosinophil counts during the critical period. As compared to carbarsone, 
earlier recovery towards normal is possible with the above regimes of hetrazan. 
The group treated with 26 mg./kg. for a day had a low mean eosmop^l count 
initially, suggesting that randomization in this group was not as effecUve as m 
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other groups. Hcncc, belter encclivcncss of the drug in this group is open to 
doubt. Moreover, initial aggravation of symptoms during the treatment was 
distressing to some of the patients. A dose of 6 mg./kg. of hetrazan daily for 8 days 
can be recommended as giving better results than carbarsone at a dose of 0*52 g. 
daily for 10 days. 

No definite data is available as regards to the to.\ic effects of arsenic in this 
condition. Many of the cases of arsenical encephalopathy or myelopathy described 
in recent times in India were after the use of parenteral arsenic in tropical eosino- 
philia (Melila, loc. cit.). Use of arsenic in any form is always associated with 
potential hazards. Hetrazan is known to be non-toxic in the doses which we have 
employed and even minor side-effects were not observed in the patients included 
in the present scries. 


SmtMARY. 

1. Results of treatment in 94 consecutive patients of tropical eosinophilia, 
treated with different dosages of hetrazan arc recorded. These results are compared 
with results obtained in two control groups. The first control group consisted of 30 
patients who were kept without any specific treatment, the second control group 
comprised of 27 patients who were treated with 0-26 g. of carbarsone twice daily 
for 10 days. Hetrazan was tried in the dose schedules of 13 mg./kg. daily for 
4 days, 13 mg./kg. daily for 8 days, 6 mg./kg. daily for 4 days, 6 mg./kg. daily for 
8 days, 3 mg./kg. daily for 8 days and 26 mg./kg. for one day. 

2. The results of treatment in all the patients treated with hetrazan com¬ 
pared favourably with the first control group, kept without specific treatment. 

3. The rate of treatment failure with hetrazan in the above various dosages 
was not significantly less than carbarsone, but significantly earlier and more fall 
in the eosinophil count was seen in three groups treated with hetrazan, 13 mg./kg. 
for 8 days, 6 mg./kg. for 8 days and 26 mg./kg. for one day. 


The authors acknowledge their sincere gratitude to the Lederle Laboratories 
for the supply of hetrazan, to the Dean, K. E. M. Hospital, Bombay, for the use 
of the clinical material of the hospital, to all the members of the Department of 
Pharmacology, Seth G. S. Medical College, for their co-operation, to all the House 
Physicians who referred their cases to the authors, to Miss N. A. Paralker for assistance 
in stool examinations, and to Mr. J. C. Trivedi for help in the blood examination. 
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The discovery of the hypoglycemic property of sulphonylurea (BZ-55) by 
Acheli.s and Hardcl)eck (1955), Frankc and Fuchs (1955) and Bertram, Benfeldt 
and Otto (1955) and its confirmation from independent sources (Kinsell et al., 
1956; Kirtley et al., 1956; and Unger and Davidson, 1956), almost proved the 
usefulness of this compound as an oral remedy for diabetes. Ability of BZ-55 to 
exert satisfactory control of elderly diabetics on long continued administration 
and the apparently non-toxic nature of the drug, even on uninterrupted prolonged 
administration (Frankc and Fuch, loc. cit.', Ridolfo and Kirtley, 1956; Kinsell 
el al., loc. cit.) have further evoked a general interest in these sulfonamides. 
Recently, a group of English scientists experienced different degrees of toxicity 
while using fe-55 in diabetic patients (Walker et al., 1956; Wolff et al., 1956; 
and Duncan et al., 1956). In view of the alleged toxicity^of BZ-55, it is desirable 
to obtain relatively non-toxic sulfonamides which are at the same time hypoglycemic 
in nature. 

D860, called Rastinon by trade name, has been claimed to be such a 
compound having a chemical composition of N- (d-methyl-benzene-sulDhonvli- 
N'-butyl urea. F 7/ 

It has the following structural formula:—• 


H3C- 



^ -S0,-NHC0-NHCH,-GH,-GH,-GH,--GH3 


( 223 ) 
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Scholz and Bander (1956), Mohnike and Stotter (1956), Stotter et al (1956), 
Bander and Scholz (1956) have investigated on different aspects of pharmacologi¬ 
cal action of p860 including its hypoglycemic property and toxicity studies. ’ From 
their results it appears that the compound is practically non-toxic and apparently 
more potent than BZ-55 in inducing hypoglycemia. Mohnike and Stotter {loc. 
cit.) and Mirsky et al. (1956) have also recommended its use in selected groups of 
, diabetic patients. > 

In order to determine the suitability of prolonged use of the new hypoglycemic 
sulfonamide in clinical diabetes the following experiments were undertaken. The 
cause of hypoglycemia being not known, attempt has also been made to find out 
the nature of the hypoglycemic action of D860. 


Methods and materials. 

Albino rats of G.D.R.I. colony, weighing approximately 150 g. to 200 g., 
were kept on a stock diet for 7 days and finally 120 animals were selected for our 
experiment. 

First group (group I) of 24 animals was sub-divided into 3 batches of 8 
each. All the animals were kept without food (water allowed ad lib.) for 12 hours. 
After collection of their blood for sugar estimation the three batches of animals were 
fed with three different doses of D860. Thus, each of the first, second and third 
batch of animals were fed 0-25 g./kg., 0-5 g./kg., and 1*0 g./kg. of D860, respec¬ 
tively. Blood sugar was determined every hour after D860 feeding, for 5 hours. 
No food but water was allowed ad lib. during the period of test. 

Second group (group II) of 25 animals was fed D860 in the dose of 0*5 g./ 
kg./day each, for 28 days. Blood sugar (in 12 hours fasting condition) of all the 
animals was determined once a week during 28 days of D860 feeding and their 
weight was recorded. 

Third group (group III) of 16 animals was divided into 2 batches of 8 each. 
One batch of 8 animals served as untreated control and the other batch of 8 animals 
was fed D860 in the dose of 0-5 g./kg./day each for 28 days. Two days (48 hours) 
after discontinuation of D860 feeding, insulin-sensitivity test was performed on the 
D860-fed batch as well as on untreated control batch of animals. Animals of 
both the batches were kept without food for 12 hours prior to and during insulin- 
sensitivity test. Out of 48 animals of fourth group (group IV), 16 animals were 
fasted for 16 hours and glucose-tolerance test was performed on them. The 
remaining 32 animals were divided into 4 batches of 8 animals each. First three 
batches were fed rvith three different doses of D860 exactly in the same way as 
stated for the three batches of group I animals. Fourth batch was also fed D860 
exactly in the same way as stated for group II animals. Glucose-tolerance test 
was performed on the first three batches of animals 2 hours after D860 feeding and 
on the fourth batch of animals after 48 hours of the last dose of D860r.^^ 

Last group (group V) of 24 animals was divided into three batches of 8 each. 
First batch of animals was starved for 12 hours (water allowed ad lib.) and their 
blood collected by heart puncture for cholesterol and glutathione (reduced) 
estimation. The animals were then decapitated and exsanguinated and a portion of 
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their liver was weighed out as quickly as possible for glycogen estimation. Another 
portion of liver was weighed out for cholesterol estimation. Second batch of 
animals under similar fasting and condition was fed D860 in a single dose of 0-5 g./ 
kg. each and 2 hours after D860 feeding their blood and liver were taken out exactly 
in the same way and for similar tests as in first batch of animals. Third batch of 
animals was fed D860 in the dose of 0-5 g./kg./day for 28 days. After two days 
(48 hours) of discontinuation of D860 feeding the animals were starved for 12 hours. 
Their blood and liver were also taken out exactly in the same way and for similar 
examination as in the ease of other two previous batches. 

Liver for cholesterol estimation was thoroughly macerated with washed 
sea-sand and extracted with ether-alcohol mixture. Blood sugar was estimated 
by Folin and ^Vu (1920) micromethod. Blood and liver cholesterol was determined 
by the method of Bloor (1916). Liver glycogen was determined by the method 
of Good et al. (1932). Blood glutathione (reduced) was determined by the method 
of Woodward and Fry (1932). Insulin-sensitivity test was performed by the 
method of Root Ellis and Staub (1954). Insulin used was 0-3 /U./kg. of body- 
weight. Glucose-tolerance test was carried out according to the method of Cole 
and Harned (1938). Glucose used was 3-5 g./kg. of body-weight in 10 per cent 
solution. 


Results. 

Effect of oral administration of three separate single doses of D860 on the 
blood sugar of albino rats has been presented in Table I and Graph 1. The 
results show that a single dose of 0-25 g./kg. of D860 lowers the blood sugar in 
albino rats by nearly 45 to 50 per cent within two hours of its administration and 
also maintain the same low level of blood sugar during the rest of the period of 
observation. When the dose of D860 is increased to 0-5 g./kg., it causes a pro¬ 
gressive fall in the blood sugar level during the whole period of observation and the 
blood sugar is lowered nearly by 58 per cent at the end of 5th hour. Administra¬ 
tion of the next higher dose of 1 g./kg. of D860 brings down the blood sugar nearly 
by 43 per cent (maximum fall) at the end of first hour. During the next hour 

Table I. 

Effect of feeding of a single dose o/'D860 {Rastinon) on blood sugar level in 

albino rats. 


Dose of 
D860. 

Blood sugar in mg./IOO c.c. (mean ± S.E.): 

Before 

D860 


A 

fter D 8 6 0. 


(fasting). 

1 hour. 

2 hours. j 

3 hours. 

4 hours. 

5 hours. 

mi 

0-25 g./kg. 
0-5 g./kg. 

1 g./kg. 

135±2-6 

135±2-6 

135±2-6 

135±2-6 

128±4-8 

78±2-4 

87±2-6 

79±l-7 

125±6-22 

70±3-2 

80±3-6 

92±2-8 

113±2-13 

74±3-l 

73±2-1 

92±6-9 

123±l-33 

76±3-7 

56±4-8 

86±3-5 

112±5-12 

75±3-2 

54±4-8 

81±2-3 
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Graph 1 . 



(2nd hour after D860), however, blood sugar tends to rise and actually remains 
at a higher level during second and third hours than that of first hour. For the 
last two hours, though the blood sugar is coming down slowly and is lowered 
nearly by 40 per cent at the end of 5th hour, it still remains at a higher level than 
the corresponding levels of the two previous batches fed with lower doses. Thus, 
it appears from the above results that though all the three doses of D860 used in 
this experiment are capable of bringing down the blood sugar to different degrees 
in albino rats. 0-5 g./kg. dose has the most pronounced and prolonged action 
on blood sugar, whereas 1 g./kg. dose shows least effect than either of the other two 
lower doses used. 

The results of glucose-tolerance test performed in albino rats: (1) 2 hours 
after oral administration of three separate single doses, and (2) 48 hours after daily 
oral administration of 0-5 g./kg./day dose of D860 for 28 days have been presented 
in Table 11 and Graphs 2 and 3. 

In animals fed 0-25 g./kg. of D860, the blood sugar rises to a maximum level 
of 323 ±21-8 mg. per cent, one hour after administration of glucose (instead of 
1/2 hour after, when maximum rise is observed in normal control). Blood sugar 
thereafter goes on decreasing and comes down to a level of 154±22*5 mg. per cent 
at the end, 5th hour after glucose administration. In animals fed next higher dose 
of 0-5 g./kg. of D860, maximum rise of blood sugar to a level of 253d;26’ l mg. per 
cent occurs 1 /2 hour after glucose. For the rest of the period of observation blood 
sugar shows continuous fall and reaches a level of 169±18’9 mg. per cent at the 
end of 5th hour. Variations in the blood sugar level after administration of glucose 
in animals fed 1 g,/kg. of D860 is somewhat different. Blood sugar rises to a level 
of 278±1*7 mg. per cent within 1/2 hour after glucose and is followed by a fall m 
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Table II. 

Mean Idood sugar values during glucosc-lolerancc test in normal and DQ60-fed rats. 


O • 

Fast ini; 
B.S. (mean 
±S.K.) in ' 
mg./ 100. 1 
c.c. ! 

1 

Dole of j 

O8G0 I 
r.-<i. 

j i 


Bi.ooi) Sugar (Mi:a.v±S.E.) in 

t MG. PER 

100 c.c. 


k i 

E*5 

2 hours 
after 

nnoo 

feeding. 

i After administration of glucose 


- r; 

hour, j hour. 

2 

hours. 

3 

hours. 

5 

hours. 

Glucosuria 

present. 

16 

(Nor¬ 

mal) 

|l3G±l-25 

j 

i 

— 

192-J-3 G |l53i- 6-5^ 

' 1 

. 

153± 6-4 

153± 7-3 

141± 6-3 

in 6 out of 
IG 

B 

>» 

0-25 g./kg. 

G7i3-3 


I64±23-7 

154±22-5 


C 


0- 5 g./kg. 

79±1'5 

253±261 2I3±29 ’ 

!i75±13-4 

174±21 

169±18-9 


Q 

i 

1 

j 

i 

! 

i 

1 g./kg. i 

1 


27ni l-7'216±19-7 

i 

j 

290±19-3 

1 ! 

230±34 

202±ll-3 


8 

f i 

0-5g/kg/day 
for 28 days 

136d:l-4 

323 ±39 j24C±52 

236±33 

1 

194±19 

156±14 



Graph 2. 
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Graph 3. 



Time in hours. 


blood sugar level to 216±19-7 mg. per cent during the next 1/2 hour (1 hour 
after glucose administration) but this fail is again followed by a rise in blood sugar 
level to 290^19-3 mg. per cent (maximum) during the 2nd hour after glucose 
administration. Thereafter, blood sugar goes on decreasing and reaches a level 
of 202 ±11'3 mg. per cent at the end of 5th hour. This double rise in the blood 
sugar level after glucose is not exhibited in the other two batches of animals fed with 
lower doses of D860. The results of glucose-tolerance test on animals fed 0-5 g./kg./ 
day of D860 for 28 days are in some respect similar in nature to those of 0-5 g./kg. 
single dose fed animals. The maximum rise of blood sugar occurs within 1/2 hour 
after glucose and is followed by a continuous reduction in the blood sugar which 
comes down to a level of 156^14- mg. per cent at the end of 5th hour. Therefore, 
it is clear that glucose-tolerance test in D860-fed rats differs from that in normal 
controls as follows:— 

(i) the maximum rise (peak values) of blood sugar after glucose is markedly 
higher (always beyond 0-200 per cent) than that in the normal control animals, 
(h) The maximum rise of blood sugar does not always occur I /2 hour after glucose 
administration, (in) Blood sugar level at the end of 4th to 5th hour remains 
usually above the preglucose fasting level, (iu) Glycosuria in marked degree is 
present in all animals, whereas in normal control animals glycosuria is present 
only in 6 out of 16 animals. 
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The results of ijisulin sensitiveness in normal control animals and in animals 
after 28 days feeding of D860 ai'c represented in Table III and Graph 4, The 
results show that the maximum hourly fall of blood sugar in D860-fcd animals after 
intramuscular injection of 0-2 insulin/kg. is 48 per cent as compared.to 33 
per cent in normal control, under similar conditions. At the end of 4 hours the 
blood svigar in D860-fcd animals is still 44 per cent below, whereas in normal 
control it is only 15 per cent below the pre-insulin fasting level. Thus, it appears 
that, administration of D860 potentiates the action of exogenous insulin both in 
intensity and duration in albino rats. 

Table III. 

Ejfcci of insulin (0*3 f^jkg.jSC) on blood sugar level of normal and D860-fed rats. 


Blood sugar jn mg./IOO c.c. {mean±S.E.) : 



Before 1 
insulin j 
(feeding). 

! After administration of insulin. 


1 hour. 

2 hours. 

3 hours. ! 

i 

4 hours. 

Normal 

D860 feeding 0'5 g./kg. 
day for 28 d.ays 

134±l-25 

136±l-4 

102±2-32 

79±6-8 

93±5-6 

71±4-5 

I07±l-92 

70±6-7 

114±3-66 

76±4-8 


Graph 4, 
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The results of blood glutathione^ blood and hver cholesterol and liver glycogen 
in normal control animals, in animals fed 0-5 g./kg. single dose of 1)860 and in 
animals fed 0*5 g./kg./day for 28 days have been shown in Table IV. It becomes 
apparent from the results that glutathione and cholesterol levels of the blood are not 
niatpriaily affected either by a single dose, 0-5 g./kg. of D860 or by its prolonged, 
administration. Liver glycogen level appears to be definitely increased by 
administration of both single dose and repeated doses of D860. Liver-cholesterol 
values in D860-fed animals show slight increase over that of normal control. The 
increase is higher in animals fed D860 for 28 days. In no animal any loss in the 
body-weight has been observed following feeding of D860 for 28 days and there 
has been no mortality during the period of observation. 

Table IV. 

Effect of jD860 feeding on blood glutathione; blood and liver cholesterol, and liver 

glycogen in albino rats. 



1 Normal. 

1 

D860 TREATED.' 

0-5 g./k-g./oral/ 
single. 

0-5g./kg./oral/ 
28 days. 

Blood glutathione (reduced), mg./lOO c.c. ! 

38 ±1-6 1 

38 ± 1-8 

36 ± 1-05 

Blood choiesteroJ, mg./lOO c.c. 1 

I 100 ± 0-8 

99 ± 2-0 

95 ± 3-4 

Liver choiesteroJ, ing./jOOg. wet tissue • j 

1 264 ±18-32 

321 ±13-22 

347 ±7-6 

Liver glycogen*, g.,/100 c.c. wet tissue 

i 2-157± 0-21 

2-279±0-354 

2-682±0-ll 


*Expressed as glucose. Mean average of 8 data in each case. 


Discussion. 

From the data, it is clear that feeding of D860 in a single dose or in repeated 
doses does not alter the glutathione and cholesterol level of blood in albino rats. 
Liver glycogen and the liver cholesterol values show slight increase. Increased liver- 
glycogen value was also obtained by Bander and Scholz (loc. cit.) by using D860 
in other species of animals. No toxic effect of the drug was observed during our 
experiment even when the drug was^ administered for a long time (28 days) in 
moderately high dose (0-5 g./kg.). This is apparent from the absence of loss of 
weight in the D860-treated animals and there being no mortality from its long 
continued use and no decrease in liver-glycogen level of the D860-fed animals 
during the period of observation. 

The 1 ‘csults of our experiment further show that oral administration of D860 
brings do'wn the fasting blood sugar level in albino rats. The findings are in a^ec- 
ment wth the observ'ations made by Scholz and Bander (loe. cil.) ^vho obtained 
similar blood sugar Io^vering effect of the same sulphonamidc on different species ol 
animals. Though all the three doses of D860 used in our experiment apparent y 
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cause lowering of the fasting blood sugar level, a detailed examination of the 
results reveal that there exists a difrercncc so far as intensity and duration of the 
hypoglycemic activity of the three doses of D860 arc concerned. The highest 
degree of fall (58 per cent) in the blood sugar level which is maintained for the 
longest period (up, to 5 hours) is obtained by the intermediate dose of 0’5 g./kg. 
of D860, whereas when the highest dose of 1 g./kg. of D860 is used minimum fall 
(43 per cent) occurs. Even this fall in blood sugar level is short-lived which shows 
a tendency to rise within 5 hours. This indicates that there probably exists a rela¬ 
tion between the limit of dose and maximum blood sugar lowering effect of the 
drug. The drug appears to exert its maximum blood sugar lowering effect at a 
certain dose level. Increase of the dose beyond this critical level may not cause any 
further lowering of the blood sugar level. On the other hand, this increase in the 
dose beyond the critical level may vitiate the effect, as is evident from results 
obtained by us. This is supported by the results obtained by Diengott and 
Mirsky (1956) who found that increase in the dose of sulfonylurea beyond a definite 
limit failed to increase the hypoglycemic potency of the drug. 

The results of glucose-tolerance lest, in all the animals whether fed single or 
repeated doses of D860 show a diabctic-likc height of the peak values of blood sugar 
after glucose. Moreover, the return of the blood sugar to the pre-glucose fasting 
level is delayed beyond 4 to 5 hours. The reason or reasons for this abnormality 
arc not fully clear. It may be due to temporary lack of availability of sufficient 
insulin as an effect of c.\haustion of insular apparatus caused by the stimulating 
effect of previously administered D860 on j8 cells of the pancreas. Whatever may 
be its reason, the persistent diabetic-like peak value and the delay in the return 
of blood sugar to the pre-glucose level within 5 hours after glucose injection is a 
matter of investigation before the place of hypoglycemic sulphonamidcs in the 
treatment of Diabetes mellitus is established. 

Our results show that the same dose of insulin causes greater and sustained 
fall of blood sugar level in D860-fed animals as compared to the effect on normal 
control. Enhanced hypoglycemic action of insulin by other hypoglycemic sul- 
phonamides drugs has been observed by Houssay and Migliorini (1956), hypo¬ 
glycemic sulphonamidcs when administered with insulin, has been shown by 
Macallum and Sivertz (1942) to accelerate thehypoglycemic action of insulin resul¬ 
ting in convulsion of animals. The increased hypoglycemic action of insulin in 
D860-fed animals may be due to the combined action of exogenous and endogenous 
insulin, the later being liberated by the stimulating action of D860 on the /3 cells 
of the pancreas. Enhanced and prolonged action of insulin may also be due to the 
inhibition of insulin-destroying enzyme insulinase by D860 (Mirsky et al., 1956) 
or it may be due to both of the above-mentioned action of D860 (Diengott and 
Mirsky, loc. cit.). 

The results of glucose-tolerance test and insulin-sensitivity test obtained by 
us support the view that hypoglycemic effect of sulphonamide D860 is related to 
the mechanism of secretion of insulin and its utilization. The early hypoglycemia 
is due to rapid liberation of insulin from Beta cells and the sustenence of the 
hypoglycemic response is probably due to inhibition of insulinase enzyme 
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Summary. 

Effect of D860 (Rastinon) Hoechst, a hypoglycemic sulphonamide, on 
fasting blood sugar level, on glucose-tolerance test, on insulin-sensitivity test and on 
cholesterol and glycogen level in liver, and cholesterol and glutathione level in 
blood of albino rats has been studied. 

(1) Oral administration of D860 in three dose (0-25 g./hg., 0-5 g./kg. and 
1 g-Ag.) lowers the fasting blood sugar level. The maximum and prolonged 
hypoglycemia is produced by a dose of 0-5 g./kg. 

(2) Administration of both single and repeated doses of D860 cause a 
diabetic-like peak value in the glucose tolerance curve and delays the return of 
blood sugar to preglucose level within 5 hours. 

(3) D860 feeding increases the effect of insulin both in intensity and 
duration. 

(4) Blood glutathione and cholesterol level in D860-fed animals remain 
normal. Slight increase in glycogen and cholesterol content of the liver is 
observed. 


Authors sincere thanks are due to the Drugs Controller, Government of 
India for making D860 (Rashnon-Hoechst) available for this experiment. Authors 
are grateful to Dr. B. Mukerji, D.Sc., N.B., F.N.I., Director, C.D.R.I. for his keen 
interest and criticism of the work. Thanks are also due to Messrs. M. A. Hai and 
H. M. Ghakravarti for their technical assistance and to Mr. S. Banerji for drawing 
the Graphs. 


REFERENCES. 


AcHELts, J. D., and Hardebeck, K. (1955) 
Bander, A., and Scholz, J. (1956) .- 

Bertram, F., Bendpeldt, E., and Otto, H. 
0955 ) 

Bloor, W. R. (1916) ... 

Cole, V. V., and Harned, V. K. (1938) 
Diengott, D., and Mirsky, I. A. (1956) 
Duncan, L. J. P., Baird, J. D., and Dunlop, 
D. M. (1956) 

Folin, O., and Wu, H. (1920) 

Franke, H., and Fuchs, J. (1955) ... ... 

Good, G. A., Kramer, H., and Somogvi, M. J. 
(1932) 

Houssay, B. A., and Migliorini, R. H. (1956) 
Kirtly, VV. R., Ridolfo, A. S., Root, M. A., 
and Anderson, R. C. (1956) 

Kinsell, L. W., Brown, F. R., Friskey, R. W., 
and Michaelis, G. D. (1956) 

MACALLUst, A. B., and Sivertz, G. (1942) 
Mirsky, I. A., Diengott, D., and Dolger, H. 

(J956) , _ ^ 

Mirsky, I. A., Perisutti, G., and Diengott, D. 
(1956) 


Deut. Med. Woehmchr., 8 o, p. 1452 
Ibid., 8 i, p. 889. 

Ibid., 8 o, p. 1455. 

Jour. Biol. Chem., 24 , p. 227. 

Amer.Jour. Med. Set., 195 , p. 13B., 

Jor. Pfiar. Exper. Therap., 118 , p. 168, 

Brit. Med. Jour., 2 , p. 433. 

Jour. Biol. Chem., 41 , p. 367. 

Deut. Med. Woehmehr., 80 , p. 1449. 

Juor. Biol. Chem., i7*> P- 857. 

C.R. Soe. Biol, cl., p. 1620. 

Dw 6 e?ifi, 5 , p. 351. 

Jour. Clin. Endocrinol & Metabolism, 16 , p. 821. 

Can. Chem. Process Inds., 26 , p. 569. 

Science, 123 , p. 583. 

Metabolism, 5 , p. 156. 



S, K. Miihhcrjee and U. jV. De. 


Moiinikh, G., and Stottkr, G. (1956) 

RtDOLFO, A. S., and Kirti.ey, R. (1956) ... 
Root, M. t \., Ellis, J., and Staur, A. (1954) 
SciiOL?-, J., and Bander, A. (1956) 

Stotter, G., Moiinike, G., Creutzixldt, \V., 
Seus, R., SciiLAOtNTWEiT, St., and Ulrich, 
H. (1956) 

Unger, R. H., and Davidson, J. ^V. (1956) ... 

Walker, G., Leese, W. L. B., and Nararro, 
J. D. N. (1956) 

WoLiT, F. W., Stewart, G. A., Crowley, 
M. F., and Bloom, A. (1956) 

Woodward, G. E., and Fry, E. G. (1932) 


Deut. Med. Wochnschr., 8 i, p. £15. 
Jour. Amer. Med, Assoc., i 6 o, 

Proc. Soc. Exper. Biol. Med., Z 
Deut. Med. WochrtschT.,Zi,-p. 
Ibid., p. 35. 


Jour. Amer. Med. Assoc., 162 , p, 44 
Brit. Med. Jour., 2 , p. 452. 

Ibid., p. 440. 

Jour. Biol. Chem., 97 , p. 465, 






Iml. Jour. Med. Res., 46, 2, March, 1958. 


EFFECT OF CHLORAMPHENICOL ON WEANLING 

RATS*. 


A STUDY OF CHANGES IN THE BLOOD AND THE RATE 

OF GROWTH. 


BY 

SHARAD KUMARt. 


[ Received for public.ation, July 2, 1967. ] 


Pharmacologic and toxic effects of chloramphenicol have been studied in 
a number of animal species (Glazko, 1949; Gruhzit, 1949). Recently, this anti¬ 
biotic has been reported as causing abnormal hsematologic reactions in man 
follotsang its administration in therapeutic doses (Lewis et al., 1952; Hodgkinson, 
1954). It is not known whether chloramphenicol perse or one of its metabolites 
produced in the human body is responsible for these abnormal hematologic mani¬ 
festations. Chloramphenicol and one of its congeners have been fed to young rats 
in varying concentrations of the diet in an attempt to reproduce the syndrome 
clinically observed in man. To study whether these substances were toxic to the 
hemopoctic tissue, they were administerted in greater concentration than has 
hitherto been reported. It has been stated (Palmer, Cartwright and Wintrobe, 
1952) that the administration of thyroid extract to rats maintained on a diet 
characterized by restricted caloric intake is followed by retarded rate of growth and 
leucopoenia. Therefore, studies were also extended to observe the effect of 
chloramphenicol on thyroid-induced leucopoenia. 

Materials and methods. 

Studies of the changes in the blood and the rate of growth of weanling rats 
were made in a series of six experiments (Table I). ChloramphenicolJ [D(—) 
threo-2-dichloroacetamido-l-p-nitrophenyl-l, 3 propenidiol] and its ‘ diamine ’ 
derivative [D(—) threo-l-p-aminophenyl-2-amino-l, 3-propenidiol], hereafter 
referred to as ‘ diamine ’, were fed in concentrations of one, two, three, and five 
per cent of the diet. The control group of animals were maintained on normal 
basal diet ad lib. To rule out the effect of anprexia and other abdominal symptoms 
developing in rats on a diet containing chloramphenicol, in later studies, a second 


* Work carried out at the Department of Medicine, University of Utah, School of Medicine, Salt Lake 
City, Utah (U.S.A.), 

X address.-Department of PaAology and Bacteriology, Lucknow University, Lueknow. India 

$ Obtained by the courtesy of Parke, Davis and Company. ^ 
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control group was pair-fed with the test group of animals. Each day the feed- 
cups were weighed and the amount of diet consumed by animals in the test group 
calculated. Their paired partners received the same amount of diet the next day. 
Rats were also maintained on a diet containing 0‘6 per cent of desiccated thyroid* 
to which was added chloramphenicol (2 per cent of the diet). 


Table I. 

Experiments on toxic effect of chloramphenicol on weanling rots. 


Experiment 

number. 

Group. 

Animals 

employed. 


I 1 

1 

10 

Basal diet. 


2 

10 

Basal diet containing 1 per cent diamine. 

2 i 

1 

12 

Basal diet. 


2 

12 

Basal diet containing 3 per cent diamine. 


3 

12 

Basal diet containing 3 per cent chloramphenicol. 

3 

1 

12 

Basal diet. 


2 

' 12 

Basal diet containing 3 per cent chloramphenicol. 


3 

12 

Basal diet pair-fed with group 2. 

4 

I 

36 

Basal diet with 3 per cent chloramphenicol. 

5 

1 

10 

Basal diet with 5 per cent chloramphenicol. 


- 2 

10 

Basal diet pair-fed with group 2. 

6 

1 

8 

Basal diet with 0'6 per cent desiccated thyroid powder 
and 2 per cent chloramphenicol. 


2 

8 

Basal diet with 0*6 per cent desiccated thyroid powder. 


♦Only in experiment No. 4 were adult rats employed. 


Diet. —basal diet of the following percentage composition was used; casein 
(Sheffield, hot alcohol extracted), 20; sucrose, 64; lard, 11; salt mixf, 5; vitamins 
were added to this diet as follows (amount per kilogram of diet): thiamin hydro¬ 
chloride, 12*5 mg.; riboflavin, 6 mg.; nicotinic acid, 60 mg.; pyridoxine hydro¬ 
chloride, 10*0 mg.; calcium pentothenate, 25*0 mg.; inositol, 5*0 mg.; para- 
aminobenzoic acid, 5*0 mg;, pteroylglutamic acid, 15*0 mg.; choline chloride, 
2*54 mg.; vitamin A, 23,000 units; vitamin D, 4,250 units; vitamin E, 7-6 mg.; 
vitamin K, 7*6 mg. 

Animals. —Approximately 175 male, albino rats, of Spranguc Dawley strmn 
were used. The tveanling rats ranged from 35 g. to 40 -g. in weight, while the 
average weight of the adult rats was 250 g. They were housed in separate wire 
cages, and allowed water ad libitum. 


* Thyroid extract—Abbot. 

t The salt rnixture was of the following percentage composition: „„ .g.g. 

'NaCl, I3-5; MgCOs, 8-15; KHSPO 4 , 5-7; CaHPO^, 46-3; KCl, 6-7; kl, 0 CaCOg, lb a, 
Fc 4 (P 207 ), 2'1; GUSO 4 , 0-022; MnCla, 0-019; ZnO, 0-016; CoCOj.OOlS, 
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Htvnialologic methods .—TJic Tlionias pipette was employed for all white cell 
enumerations employing three per cent acetic acid as the diluting fluid, and a 
dilution of 1 in 20. Hemoglobin determinations were carried out by the oxyhemo¬ 
globin method using Evelyn photo-electric colorimeter. All hematologic deter¬ 
minations were made from free-flowing tail-vein blood at weekly intervals or more 
often if indicated. 


Results. 

On a diet containing one per cent of ‘ diamine ’ a retardation in the growth 
of the animals tvas obsen'cd in the third week. On withdrawal of the drug from 
the diet in the fifth week, the rate of growth once again accelerated to equal the 
rate of growtli of animals in the test group (Graph 1). No significant alterations 
were obseiwcd in the leucocyte count and the haemoglobin content of the blood 
in dicse animals. 

Graph 1. 



In another experiment, three groups of 12 animals each were used. The 
control group received nornial basal diet ad lib,- and each of the other two groups 
was kept on a diet containing three per cent ‘ diamine ’ and chloramphenicol 
respectively. In the chloramphenicol-fed animals retardation in the rate of 
growth started in the second week. These animals developed severe toxic 
symptoms manifested by anorexia, abdominal distension, diarrhoea and vomitine 
Their fur was poor, discoloured brown, and was scanty (Plate Xl figs 1 and 21 
In the ‘ diamine ’ group, no changes were observed other than previously described* 

, The occurrence of death in the two groups was significantly different It was 
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observed that by the end of six weeks, 90 per cent of the animals receiving chloram¬ 
phenicol had died, whereas there was no death in the other two groups by that 
time (Graph 2). A reduction in the leucocyte count of chloramphenicol-fed animals 
was also observed as compared with those in the other two groups. In this group, 
the average leucocyte count was reduced from 17,000 per cu.mm, in the second 
week to 10,000 per cu.mm, in the fifth week (Graph 2a). There was no decrease 
in the level of haemoglobin in any of the groups. 

The significance of the difference in the total leucocyte count of the two 
groups could not be evaluated because of the occurrence of marked anorexia and 
diarrhoea in the test animals. However, when controlled with pair-feeding, there 
were no significant changes between the average leucocyte count of the two groups 


Graph 2. 



I 23456789 
Weeks. 


Animals fed chloramphenicol end ‘diamine' 3 per cent in diet. 
Comparison of change in the body-weight and survival time. 


Graph 2a. 



Weeks. 

Comparison of change in the total leucotyle count. 
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(Graph 3), althougli it was observed that a number of animals in the test group 
showed profound terminal leucopoenia varying from 1,000 to 2,000 leucocytes per 
cu.mm, of blood (Graph 3a). The retardation in the rate of growth of the animals 
in the Uvo groups Avas approximately the same (Graph 4), but the incidence of 


Graph 3. 



Days. 

Animals fed chloramphenicol 3 per cent in diet. 

Changes in total leucocyte count as compared with pair-fed animals. 


Graph 3a. 



Days. 
Terminal leucopoenia in a rat. 
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death in the test group was again significantly higher than in the control animals 
(Graph 4fl). 

With an increase in the concentration of chloramphenicol to five per cent 
of the diet, the onset of symptoms was very rapid. The animals failed to grow, and 
within I to 2 days, became extremely malnourished, emaciated and died. The 
pair-fed partners lived almost twice as long and were distinctly in better shape. 
A rapid decrease in the leucocyte count of animals fed chloramphenicol was 
observed associated with profound weight loss. In these animals, the leucocyte 
count had fallen from 15,900 to 4,300/cu.mm, by the 3rd day, whereas pair-fed 
animals showed no appreciable change either in the leucocyte count or their weight 


Graph 4. 



Graph 4 a. 
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at this period (Table II). However, terminally leucocyte count was greatly 
reduced in pair-fed animals also. 

In a study of the inducncc of chloramphenicol on the rate of growth and 
leucocyte counts of animals fed dcssicatcd thyroid, no significant differences were 
obscn'cd between the test group and a control group receiving a similar but 
chloramphenicol free diet. Likewise adult rats fed chloramphenicol remained 
unaffected (Table III). 


Table II. 


Changes in total leucocyte eount, body weight and survival of weanling rats fed 
chloramphenieol 5 per cent in diet. 


D.iys. 

.•\nmmals surviving : 

Weight G.; 

3 

Leucocytes x 10 per Cu.mm. 

Pair-fed 

Cape. 5 per 

Pair-fed 

Cape. 5 per 

Pair-fed 

Cape. 5 per 


(10) 

cent (10) 

(10) 

cent (10) 

(10) 

cent (10) 

1 

10 

10 

54-0 

55-4 

15-40 

15-90 

3 

10 

10 

54-0 

45-1 

14-80 

4-30 

4 

10 

3 

53-3 

43-0 

13-80 

1-60 

5 

10 

0 

48-8 

. . . 

8-80 


6 

10 

0 

49-1 


6-20 


7 

4 

0 

450 


2-60 


8 

2 

0 

45-0 


2-10 



Cape. =chIoraiiiphenicoI 


Table III. 


Changes in body weight and leucocyte count of adult ratsfed chloramphenicol 

3 per cent in diet. 


Days. 

Weight, g. (36) 

Leucocytes X 103 per 
cu.mm. (36). 

1 

264-0 

18-70 

2 

256-0 

18-40 

3 

255-0 

19-80 

5 

250-0 

18-21 

8 

242-0 

17-40 

15 

264-0 

20-32 


Discussion. 

We have failed to observe any significant alterations in the blood picture of 
rats that could be attributed to the administration of chloramphenicol when it was 
given in concentration of 1 to 3 per cent of the diet. That, with an increase in the 
concentration of the drug to 5 per cent, the recepient animals developed profound 
leucopoenia and weight loss, while it took twice as long for similar changes to 
appear in pair-fed partners shows that leucopoenia was due to the administration 
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of the drug. However, it must be recognized that starvation may be a contribu¬ 
tory factor. Keys (1950) has stated that starvation in human subjects may be 
accompanied by leucopoenia. ^ Whether the terminal ieucopoenia observed in 
partially stawed pair-fed rats is similar in its causation to the above described 
leucopoenia is a matter for speculation. Among a number of reports on the effect 
of chloramphenicol in the diet of various animals, significant anaemia was reported 
only in two dogs (Gruhzit et aL, loc. ciL). Recently, Rigdon et al. (1954) have 
produced anaemia in growing ducks on a diet containing chloramphenicol. 

That the toxic signs other than death, herein described for weanling rats 
fed chloramphenicol, are due to the effect of the drug is clear from the observation 
that such signs failed to develop in the pair-fed control groups. With increasing 
concentration of the antibiotic in the diet, moreover, the onset of these symptoms 
was more rapid and more pronounced. It has been stated (Grauhzits et al, 
loc. cit.) that oral administration of chloramphenicol to young rats leads to anorexia 
and weight loss. Bratton (personal communication) has also observed the occur¬ 
rence of distention of abdomen and diarrhoea. It is reasonable to suppose that 
these manifestations are mainly due to an alteration in the bacterial flora of the 
alimentary tract under the influence of chloramphenicol. That the generalized 
poor state of these animals and the loss of fur is the direct effect of the drug, or due 
to some' other mechanism has not been clearly ascertained. It is possible that 
chloramphenicol deprives the organism of some factor essential for its normal 
well-being, and that young animals are particularly susceptible to this mechanism, 
since we failed to observe similar changes in adult rats fed chloramphenicol in the 
amount of three per cent of the diet. In this respect the ‘ diamine ’ is relatively safe. 
This is also indicated by the relative influences these two substances have on the 
incidence of death in experimental animals. 


The mechanism of the action of chloramphenicol, as an antibiotic or even 
as a toxic ageirt as herein reported, is not clearly understood. Recently, a number 
of reports have appeared on the role of this antibiotic as an anti-metabolite to 
.certain essential aminoacids in bactrial systems. Wooley (1952) has shoAvn that 
chloramphenicol acts as an anti-metabolite to phenylalanine for E. coli. A 
clear relationship to tyrosine has also been shown for chloramphenicol by 
Bergmann (1952). What relationship these observations may have to the abnormal 
hsematologic reactions observed in certain individuals following the administration 
of this drug need further study. It may be that chloramphenicol may act to inhibit 
the ‘ utilization ’ of tryptophane and phenylalanine in these individuals. Further, 
in these individuals in whom ‘ sensitivity ’ to chloramphenicol has occurred, the 
drug may fail to be degraded in the usual fashion, and consequently may attain a 
sufficiently high concentration to inhibit activity of phenylalanine or tryptophane 
or both. Rigdon et al. {loc. cit.) state that the quantity of chloramphemcol 
necessary to produce antemia in the duck is large as compared \vith that for rnan. 
It is significant in this respect that our animals developed leucopnoeia only when 
the concentration of the drug was raised to 5 per cent m the diet. 


Summary. 

The Muetice of chloramphenicol and its ‘ diamine ’ congener upon the rate 
of growth and the blood of weanling rats was observed. The development of 
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anorexia, abdominal distension, coarse and discoloured hair, and diarrhoea 
appeared to be due to the action of the drug. The presence of this antibiotic in 
the diet of rats in amounts of one to three per cent of the diet did not have any 
demonstrable eflcct u])on the body-weiglit or tire average leucocyte count that 
could not be attributed to inanition alone. However, when administered as 5 
per cent in diet, tlie rccepient animals soon developed profound leucopoenia while 
it took twice as long for similar change to appear in pair-fed controls. The 
incidence of death in animals fed chloramphenicol \vas found to be significantly 
higher than in those fed ‘ diamine ’ or pair-fed. 


The author is grateful to Professor M. M. Wintrobe, M.D., Ph.D., and 
Dr. G. E. Cartwright, M.D., for suggesting this subject and their guidance. 
Gratitude is also e.xtendcd to Dr. A. J. Samuels for close co-operation in this 
work. 
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2. The rural population. 

3. Small groups, with not less than 25 members in each, classed together 
on the basis of having the same occupation, religion or the same social status, such 
as businessmen, lat\ 7 ers, doctors, Sikhs (on a high fat, non-vegetarian diet) and 
Marwaris (on. a high fat, vegetarian diet). The results in these small groups are 
not yet complete. The present paper relates to the results obtained in the first 
two groups. 

Industrial workers .—Four hundred and eighty-six labourers from the Delhi 
Cloth Mills were studied as the target was 5 per cent of the total industrial popula¬ 
tion of these mills which employ about 10,000 men working in rotation on 8-hour 
shifts. Although a full history was taken an^ a physical examination done on all 
of these 486 workers, it was possible to estimate the blood-lipids of only 197 men 
2 per cent of the total); this limitation being partly due to their reluctance to 
give blood and partly to the limited facilities available in our laborato fyT"" ~ 

All the workers were men between 18 and 50 years of age. Their incomes 
ranged from Rs. 40/- to Rs, 120/- per month with an average of Rs. 60/-. They 
were all employed in mechanical occupations in the spinning, weaving, dyeing and 
printing departments of the mills and were classed as indulging in ‘ medium ’ 
activity (Keys et al., 1956), 

Rural population .—^This was represented by persons attending the Primary 
Health Centre at Najafgarh which is 18 miles from Delhi. This Centre is fed by a 
population of about 23,000 from Najafgarh and its surrounding villages. It is 
proposed to examine 5 per cent of this population also. So f ar 566 persons, both 
men and women, have been studied. The nu mber of blood samples analysed for 
serum lipids in this group was only 26 9. owing to the same limitations as in the 
case of industrial work ers. ' 

The income of this rural population was not accurately assessable as these 
men were engaged in rural occupations which did not bring them a fixed monthly 
income. Some of them Avere farmers, others labourers on the farms, a few w^ere 
cobblers, carpenters, sAveepers and petty landlords. The Avomen were mostly 
houscAvives and helped on the farm. The only common factors Avere that they 
all lived in the rural environment of Najfagarh and the surrounding villages and 
came of a Ioav income group. 


Methods of investigation. 

Each indiAadual Avas instigated under the following heads: 

1. History, including di^ary history. 

2. Physical examinatim^ 

3. Biochemical tests. 

4. Electrocardiogram. 

5. Screening of chest^^^ 

History .—All cases Avere interrogated on a special comprehensive pro forma 
printed for the purpose. 
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A complete dietary history ^vith special regard to the fat and cholesterol 
content of the diet was taken by a process of interrogation. Food containers used 
in this part of the country were used to assess, as accurately as possible, the quantities 
of food eaten. The food values were later calculated from tables (Health Bulletin, 
1951; and Okey, 1945). 

Physical cxamirtalion. —The criteria used in the diagnosis of atherosclerosis 
were as laid down by the New York Heart Association (1953). 

(а) Coronary atherosclerosis w'as diagnosed on the following evidence;— 

(1) History of myocardial Infarction or of angina pectoris with or without 
electrocardiographic evidence. 

(2) Purely electrocardiographic evidence of coronary artery disease, sueh 
as T-wavc cliangcs, a-v block, bundle-branch block, etc., when these changes 
were not due to any other disease. Such changes arising from other causes were 
naturally excluded from the study. 

(3) Atherosclerosis of the aorta as shown by uncoiling and broadening of 
the aorta on fluoroscopy. 

Other types of arteriosclerosis were also recorded in this survey in order to 
make the report comprehensive. They were;— 

(4) Retinal arteriosclerosis as seen on fundoscopy. 

(5) Arteriosclerosis of the muscular arteries, such as brachial and radial 
as shown by thickened and/or pulsating vessels. 

(б) Cerebral arteriosclerosis as shown by a history or evidence of hemi¬ 
plegia or other evidence of cerebro-vascular disease not due to any other obvious 
cause. 

{b) Hypertension. —The criteria used for the diagnosis of hypertension were 
as laid down by the New York Heart Association (New York Heart Association, 
loc. cit.). 

All the cases in this survey had a complete physical examination. In addition 
to recording the heights and weights, they were also classified according to body 
types. 

Biochemical tests. —^The serum lipids estimated were:— 

(i) Total cholesterol [by the iron-reagent method of Zak et al. (1954)]. 

(n) Phospholipids (estimated by applying theTisk'e'and Subbarow,^^(1925) 
colour reaction on an alcohol-acetone extract of the serum). ^ 

The blood samples in all these cases were random specimens collected on 
calling the men from their work. In women, it was ascertained that they were 
neither pregnant nor menstruating at the time of collection of the blood sample. 

In addition, a urinalysis for albumin and glucose was dpne in 'every case in 
order to exclude any case of undetected renal disease or diabetes. 

Electrocardiography and fluoroscopy.—In the case of Delhi Cloth Mills workers 
It was possible to do electrocardiography in only 28 cases and fluoroscopy in 10 
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As Najafgarh was not electrified till recently it was not possible to do either 
electrocardiograms or screenings there except on a few cases who could come to 
Delhi. Since the installation of electricity in Najafgarh, 78 cases have had their 
electrocardiograms taken. 


Results obtained. 

The results in both these groups have been classified under two heads:— 

(i) Incidence of atherosclerosis and hypertension. 

(m) Serum cholesterol levels and their variation with age, fat intake and 
cholesterol intake. 

I. Industrial workers from the Delhi Cloth Mills. 

1. Incidence of atherosclerosis and hypertension (Table I). 

Table I. 

Incidence of hypertension and atherosclerosis among industrial workers from 
Delhi Cloth Mills and Najafgarh rural population. 



1 Totol 
i num- 
j ber of 
; case. 


Atjh 

rEROSCLEROSIS: 


Thick¬ 

ened 

and 

pulsating 

periphe¬ 

ral 

arteries. 

Source. 

* 1 

Hyper¬ 

tensives. 

1 

i 

i 

History of 
coronary 
infarction 
or angina. 

E.K.G. 

(posi¬ 

tive.) 

Aortic 

athero¬ 

sclerosis. 

Retinal 

athero¬ 

sclerosis. 

Delhi Cloth Mills, Industrial j 
workers ... ... 1 

1 486 

i 

6 f 

mi 

] 

Mil 

4 

. 

mi 

17 

! 

Najafgarh rural population, ' 
males ... ... ] 

i 

! 

! 222 

1 

i 7 

mi 

(28)* 

1 1 

1 (I0)t 

4 

\ 

39 

Najafgarh rural population, 
females ... ... 1 

r 

344 

8 

Mil 

(34)* 

Mil 

(6)t 

2 

Mil 

14 

f 

I 

i 



t 

1 

(44)* 

(4)t 




* Number of cases in which E.K.G. was done. t Number of cases in which fluoroscopy was done. 


(a) Atherosclerosis. —The incidence of coronary atherosclerosis as shown by a 
history of angina pectoris or myocardial infarction was nil in this group. As 
electrocardiograms were taken of only 28 cases out of 486 men, i.e., 5*7 per cent of 
the total, this cannot be considered an adequate assessment. All the electrocardio¬ 
grams were normal. Fluroscopy for evidence of atherosclerosis of the aorta was 
possible only in 10 cases and was positive in 4 cases. Visible peripheral arterial 
pulsations showing evidence of arteriosclerosis of muscular arteries was found m 
17 men, the youngest being 25 years old. 

(b) Hypertension.~Out of 486 men examined, 6 were found to have hyper¬ 
tension (all of the benign essential type). All of them were between 30 and 40 
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years of age. The incidence of true liypcrlcnsion in this group was thus T2 per 
cent. 

2. Fat intake and serum eliolesterol levels: 

(a) Dietary fat intake .—^Thc average daily fat intake in this group was veiy 
variable and ranged from 0 (i.c. people taking no animal fat and no vegetable oils 
at all) to 225 g. per day (Table III) with an average of 68 g. per day. Out of 
197 men whose bloods were analysed, 126 (65 per cent of the total) had a daily 
intake of less than 75 g. Of these 197 men, 48 (25 per cent of the total) had a 
daily fat intake of less than 24 g., and 93 (47 per cent of the total) less than 49 g. 
Such large intakes as 200 g. or over of fat per day were found in the case of a few 
men who were taking 14 lb. of milk and 2 lb. of ghee (butter-oil) per week together 
with 1 to 2 lb. of meat also in some cases. It is the custom among some communi¬ 
ties to drink ghee (butter-oil) by the cup as a source of strength. The source 
of fat in this group was always butter, milk or meat. No vegetable oils or 
hydrogenated fats \vcrc used for cooking as far as they knew. 

For the 197 cases whose blood lipids were estimated, fats accounted for 24'5 
per cent of total calories taken per day. Two specimen diets in this group showing 
the wide variation in fat intake are shown below;— 



I 

II 

Carbohydrates 

533-8 g. 

583-25 g. 

Proteins 

106-0 g. 

101-90 g. 

Fats 

109-8 g. 

14-05 g. 

(fl) Animal ... 

104-2 g. 

Nil 

{b) From vegetable sources 

5-6 g. 

14-05 g. 

Total calories per day ... 

3,154 

2,858 

Percentage of calories derived from fats 

31-3 

4-4 


Per cent 

Per cent 


(Animal fats 

(Animal fats 


24-7 per cent) 

nil) 


{b) Serum cholesterol levels .—The average serum cholesterol levels with the 
range and mean in this group are given in Table II. They have been grouped 
as above and below 40 years because of the sharp rise with age reported in some 
studies after age 40 (Keys, Mickelsen, Miller, Hayes and Todd, 1950: and Keys 
et al, 1952). 

Variation in serum cholesterol levels with age .—^As seen from Table II and the 
Graph there was a slight increase (16 mg. per cent) in the values for total choles¬ 
terol, between the ages of 20 and 50 years. The slight rise with age in the serum 
cholesterol was in the form of a steady plateau and the sharp rise after age 40, 
seen in studies elsewhere, e.g. Minnesota (Keys et al, 1950) Massachussett (Gertler 
et al., 1950) was not noticed. The increase per year of life never exceeded 1 mg. in 
this series. The average rise per year of age for Minnesotans was reported" as 
2-2 mg. per cent. Statistically, the difference between the mean cholesterol levels 
of men aged 20 to 39 and 40 to 59 was not highly significant (p=0-05) 
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Table II. 


Mean serum cholesterol levels in relation to age for industrial workers and rural 

population. 


(With standard deviation and range.) 



D.C.M 

. (males) : 

Najafgarh (mai.es): 

Najafgarh (females); 




years. 


Total 


Total 


Total 


. 




serum cho- 

Number 

serum cho- 

Number 

serum cho- 



1-4 5/3 

cy <u 



lesterol in 

of 

lesterol in 

of 

lesterol in 

d S 





mg. 

cases. 

mg. 

cases. 

mg. 

P ^ 


••—> 6 
.tr o 



per cent. 


per cent. 


per cent. 




10-19 

6 

169±30 

23 

170±40 

23 

167±40 






(131-190) 


(95-252) 


(104-255) 




20-29 

87 

164±25 

49 

186±42 

56 

180±47 

—0*5 

4-1*6 

4-1*3 



(120-220) 


(104-293) 


(95-283) 




30-39 

73 

174i40 

23 

176±31 

36 

172±44 ; 

-M-0 

—1*0 

—0*8 



(106-265) 


(129-297) 


(113-252) 1 




40-49 

20 

180±40 

21 

191±21 

13 


+ 0*6 

4-1*5 

4-0*8 



(130-270) 


(106-255) 


(100-248) 




50-59 

11 

150±30 

17 

185±47 

8 

187±30 

—3*0 

—0*6 

4-0*7 



(112-155) 


(115-297) 


(140-242) 



1 

Below 40 


168 


181 


175 




years 

166 

(106-265) 

95 

(95-297) 

115 

(95-283)' 




Above 40 


169 


188 


183 




years 

31 

(112-270) 

38 

(106-297) 

21 






Variation in serum cholesterol levels with fat intake (Table 111 and the Graph). —There 
was no great variation in serum cholesterol levels with increasing dietary fat 
intake. The highest values for total cholesterol were recorded with fat intakes of 
200 g. daily, the level falling with a further increase in the intake of fat. 

The differences in the serum cholesterol levels between the groups on varying 
fat intakes were not statistically significant. In view of the report of Keys et al. 
(loc. cit.) that the differences between populations in high and low fat intakes were 
most marked after 40 years of age, the men above 40 years of age were split into 
various fat intake groups. In these also no significant difference was found in the 
serum cholesterol levels, the mean cholesterol levels being 179*2 mg. per cent, 
177*6 mg. per cent, 164*7 mg. per cent, and 166 mg. per cent for men above 40 . 
years taking from 0 g. to 24 g., 25 g. to 49 g., 50 g. to 100 g. and 100 g. and over 
of fat per day, respectively. 


Variation with cholesterol intake. 

Table IV and the Graph showing the relation between the cholesterol intake 
and serum cholesterol levels, show no progressive increase in the seri^ total 
cholesterol with an increased cholesterol intake. The differences in the serum 
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cholesterol levels between the groups on varying cholesterol intakes were not 
significant. An analysis of variance done for the significance of the differences 
in the scrum cholesterol levels of these men in various intake groups of fat and 
cliolcstcrol showed that between sample variance was not more than within sample 
variance. 


Table III. 

Mean scrum cholesterol levels in relation to daily fat intake for industrial 
workers and the rural population. 


( With st.inclarcl deviation and range of values.) 


Fat intake 
g./day. 

D.C.M. 

(.males) : 

Najafgarii (males) : 

Najafoarah (females) : 

Number 

of 

cases. 

Total scrum 
cholesterol, 
mg. per cent. 

Number 
of 1 

cases. 

Total scrum 
cholesterol, 
mg. per cent. 

Number 

of 

cases. 

Total serum 
cholesterol, 
mg. per cent. 

0-24 

48 

162±38 

(115-205)- 

33 

171±40 

(106-290) 

43 

-176±42 

(100-254) 

25-49 

45 

170±40 

(106-260) 

30 

1 

182i44 

(95-297) 

41 

174±40 

(111-248) 

50-74 

33 

163±40 

(112-220) 

24 

178±35 

(104-267) 

14 

173 

(144-223) 

75-99 

26 

168±38 

(120-265) 

15 

172±38 

(130-293) 

12 

165 

(115-235) 

100-124 

12 

170±41 

(135-205) 

5 

171 

(111-243) 

3 

173 

(132-255) 

125-149 

12 1 

1 

160±38 

(120-210) 

10 

212±41 

(159-289) 

... 

150-174 

8 

168 

(140-205) 

4 

202 

(183-225) 

... 

... 

175-199 

6 

188 

(150-225) 

5 

172 

(148-196) 

... 


200-224 

4 

155 

(125-250) 

3 

1 220 
(207-240) 

- 



II. Najafgarh population. 

Five hundred and sixty-six cases (222 males and 344 females) were examined. 
The total number of blood samples analysed was 269. 

I. Incidence of atherosclerosis and hypertension. 


(a) Males—{Table I). 

Atherosclerosis .^—It was seen that the incidence of atherosclerosis as shown 
by a history of angina pectoris or myocardial infarction was nil in this group. Out 
of 34 electrocardiograms done only one showed evidence of coronary artery disease, 
an incidence of 3 per cent. And out of 6 cases whose chests were screened 4 
showed evidence of atherosclerosis of the aorta. ’ 


Retinoscopy was done in 10 cases and arterial changes were found only in one 
man. Arteriosclerosis of muscular arteries was found to be present in 39 cases of 
different ages, the youngest being 19 years of age. 
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Graph. 

Variation in serum cholesterol levels with age, fat intake and cholesterol intake. For industrial workers 
(rnales)from Delhi Cloth Mills and dfajafgarh rural population {males and females). 



Z 150 


to 20 30 iO so 60 

Age itt years. 



0 50 100 150 200 

Fat intake in grammes 
per day. 


20(H 



150 


(- 1 - , ----- 1 - 1 - 1 - 1 

0 200 400 GOO BOO 

Cholesterol intake in 
milligrammes per day. 


Hypertetision. —^This was present in 7 cases out of 222. There were 6 cases of 
benign essential hypertension and one of malignant hypertension. The incidence 
of hypertension was thus 3*2 per cent. 

{b) Females—iTdehlt I). 

Atherosclerosis. —Out of 344 cases examined, there was not a single case of 
coronary artery disease as judged by a history of myocardial infarction or of angina 
pectoris. Electrocardiography was done on 44 cases and was normal in every case. 
Atherosclerosis of the aorta was present in 2 out of 4 females fiuoroscoped. Both 
of them were above 40 years of age. 

Hypertension. —Out of 344 cases examined, 8 had ‘ benign essential ’ hyper¬ 
tension. The incidence of hypertension in this group was 2-3 per cent. 

The overall incidence of coronary artery disease in the rural group was not 
accurately assessable owing to the limitations mentioned but would appear to be 
very low. If only a history of angina or coronary thrombosis be taken as the 
criterion, the incidence may be regarded as nil. 


2, Fat intake and serum cholesterol levels. 

Dietary fat and cholesterol intake: (Tables III and IV). ^Thc daily inline oi 
fat in this rural group ranged from 0 g. to 250 g. of fat with an average of 53'3 g. 
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(G7 g. daily for males and 38-5 g. daily for females). The majority of subjects, 
hou'cvcr, i.c. 147 (5^1-7 per cent of the total) consumed less than 50 g. per day, and 
76 (28 per cent of the total) took even less than 25 g. per day. The cholesterol 
intake ranged from 0 mg. to 640 mg. with an average of 132 mg. per day. The 
high intake of fat in some of these cases was accounted for as in industrial workers. 
.Vmongst this group fats contributed 24-1 per cent of the total caloric intake 
for males and 17*3 per cent for females. Nearly all these people were consuming 
only animal fats, such as butter, butter-oil and very few were using vegetable 
oils or hydrogenated fats. 


Table IV. 


Mran srnim cholesterol levels in relation to daily cholesterol intake for industrial 
tvorkers and the Najafgarh rural population. 


(With standard deviation and range of values.) 


Cliolcsterol 

intake 

D.C.M 

(.\tAl.ES) : 

Najafcarh (males): 

NAJArCAW 

I (females): 

Number 

Total serum 

Number 

Total scrurn 

Number 

Total serum 

mg./clay. 

of 

cholesterol, 

of 

cholesterol, 

of 

cholesterol, 

cases. 

mg. per cent. 

cases. 

mg. per cent. 

cases. 

mg. per cent. 

0-99 

64 

170±35 

52 

175±45 

80 

172±42 

100-199 

50 

(114-293) 

168±38 

31 

(95-290) 

192±48 

38 

(100-283) 

187±48 

200-299 

42 

(105-249) 

180±42 

20 

(104-297) 

190±43 

15 

(104-275) 

159±30 

300-399 

12 

(112-265) 
175±39 

12 

(129-293) 

191 


(115-235) 

400-499 

16 

(125-210) 

162±35 

8 

(111-252) 

177 



500-599 

5 

(120-215) 

170±42 

5 

(138-216) 

201 

... 


600-699 

4 

(150-235) 

160±48 

... 

(148-255) 

... 



700-799 

1 

(140-230) 

162 




... 


Serum cholesterol levels .—^The total cholesterol levels were slightly higher than 
those found in the industrial group, both above and below 40 years of age 
(Table II). 

Variation with age: (Table II and the Graph ).—As seen from the Graph and 
Table II there was an increase in the values for total serum cholesterol by 15 
and 20 mg. per cent between the age groups of 10 to 19 and 50 to 59 years, 
among men and women, respectively. The rise, however, was gradual and there 
wasno sharp ascent af ter age 35 or 40 as noted in studies elsewhere. Although the 
ris eTyaslEarpest between the ages of 30 and 50 , it was not more than 20 ing and 
the sharpest rise” per year (1-6 mg. cholesterol) occurred between 20 and 29 years 
The rise would appear to be in the shape of a gradual plateau. ^ 

For both men and women, the differences in the mean serum cholesterol 
levels m different decades were not statistically significant. 
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Variation with fat intake: (Table III and the Graph),—There was undoubtedly 
an i ncrease in the total cholesterol level with increase of fat intake, b ut this ris^ 
coula) ^hb means be called~a steady o ne^ THFEighest se rum cboTesterol recorded 
was .^talniy in those with the lar Resti at in^^^ among jie men. This was not 
true for women, however, whollvedon relativdylessiat than the men. 

The differences in the mean serum cholesterol levels of both men and women 
in various fat intake groups were not statistically significant. Even after taking 
men and women above 40 years of age and splitting them in various fat intake groups, 
their mean serum cholesterol levels did not differ significantly. 

Variation with cholesterol intake: (Table IV, and the Graph).—^Here again, the 
highest cholesterol levels recorded in the men were in those with the highest daily 
intake of cholesterol but in women the level was higher for the group talcing 100 mg. 
to 199 mg. of cholesterol per day than for the group taking 200 mg. to 299 mg. of 
cholesterol per day. However, there was no obvious correlation between the 
cholesterol intake and the serum-cholesterol levels. The differences in the mean 
serum cholesterol levels of both men and women in various cholesterol intake 
groups were not statistically significant. 

An analysis of variance done for the significance of the differences in the 
serum cholesterol levels of these men and women in various decades of age and 
different intake groups of fat and cholesterol showed that between sample variance 
was not more than within sample variance. 

Body weight .—The weight in pounds per inch of height was calculated so as 
to give an index of relative obesity of the individual. Almost all the cases studied 
in this series had a relative weight lower than the ideal of 2-1 lb. to 2*4 lb. for men 
and T9 lb. to 2*1 lb. for women (Metropolitan Life Insurance Company, Statistical 
Bureau). The average relative weight for industrial workers was T8 lb. for males 
from Najafgarh T8 lb., and for females from Najafgarh 1-7 lb. 

Discussion. 

Incidence of atherosclerosis .—There has not been any survey of heart disease 
among industrial and rural groups in India as far as can be ascertained from the 
literature. 

The only statistics obtainable are for urban groups, mostly from hospital 
patients. The incidence of atherosclerosis and hypertension according to various 
workers varied from state to state. In Delhi hypertension accounted for 2M per 
cent and coronary atherosclerosis for 1T8 per cent of all heart cases in a five year 
survey (Padmavati, 1957). The figures are higher for both these diseases in certain 
other parts of India (Malhotra, 1951; and Vakil, 1954). Although the best index 
of the incidence of atherosclerosis in any population would be a post-mortem survey 
for incidence of all grades of coronary atherosclerosis, it is a very difficult ideal to 
achieve in India where autopsies are almost unobtainable. A history of angina 
pectoris or coronary thrombosis, preferably with electrocardiographic evidence 
would seem to be the best clinical criterion. Studies elsewhere have suggested 
that aortic and coronary atherosclerosis are not always correlated and, thereforc, 
the incidence of aortic atherosclerosis ivouid not be perhaps such a good guide 
(Keys and White, loc. cit.). 
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Among the 486 industrial workers, all males, and 566 members of both sexes 
of the rural group, the incidence of coronary atherosclerosis was practically nil, 
judging from the history and electrocardiograms, the latter possible in only 10 per 
cent of cases. Of the two groups, only the rural group showed a single positive 
electrocardiogram out of 78 taken, an incidence of 1-3 per cent. 

Comparable figures from other countries for coronaty artery disease arc also 
lacking for selected population groups as those under discussion here. The figures 
available in other countries arc cither post-mortem statistics showing the incidence 
of various degrees of coronary atherosclerosis in a large number of post mortems 
or arc hospital and private patient figures. Table VI represents the incidence of 
coronary' artery disease among all medical admissions in various countries and it 
is noted that the incidence for Delhi is very low indeed, being the same as for Naples, 
the lowest on the list. This is in keeping with the data obtained in the present 
sur\'cy pointing to a lo\v incidence of coronary atherosclerosis. Compared to 
figures for Western Europe the incidence is anything from 8 to 15 times less frequent. 
Figures from the so-called backward countries are more comparable. Higginson 
and Peplcr (1954) in an autopsy study on 934 Bantu, found only one case of 
coronary occlusion and state that incidence of grade III coronary atherosclerosis 
is barely a fifth of that found among Americans of equal age. In Japan, Kimura 
(Quoted by Keys and White, loc. cii.) in a study of 10,000 autopsies found only 
75 cases of myocardial infarction and concluded that the incidence of severe 
coronary atherosclerosis was about one-tenth that in persons of the same age in 
the United States. In Okinawa the rarity of coronary artery disease at autopsy 
among Okinawans has also been noted (Benjamin, 1946). Although some publica¬ 
tions in India for patients in the high socio-economic groups seen in private practice 
would indicate that coronary atherosclerosis was much higher than in the poor 
socio-economic group (Gopalan and Ramanathan, 1956; and Malhotra, 1951) 
and in our own observations, the incidence among a group of professional men 
studied was 10 per cent (unpublished observations), these figures are nowhere near 
those of Western Europe or the United States. 

I Incidence of hypertension .—In this study, in contrast to the figures for atheros¬ 
clerosis the figures for hypertension (not the same as hypertensive heart disease) 
are accurate. Among 566 members of the rural groups of both sexes the incidence 
was 2-7 per cent and in 486 of the industrial group the incidence was 1'2 per cent. 
The figure for hospital statistics for Delhi out of all medical admissions was 3-2 ^ 
per cent (Padmavati, 1958). Out of all heart cases hypertension accounted for 
21-1 per cent of cases. Compared to other countries (White, 1951) the incidence 
would appear to be low although the figures are not actually comparable because 
the statistics relate here to particular population groups. 


Dietary fat intakes .—^With regard to dietary fat intake those given in Table V 
are all post-war statistics for different parts of India as other surveys available in 
the literature are more than 15 to 20 years old. It will be seen that the fat intake 
varies in ^diffemrUparts-olUjid i a-. ^ to the econom ir. staturof'the 

po^ula^. Thus, in Goonoor among the low economic ^^oup~Gopalan and' 
Ramanathan {loc. cit.) have reported a daily consumption of 10 g to' 30 g of fat 
‘he hi gh in^megro w of 85 g, to ISO g . I„ a Bombay rural'survey 
(Diet and Nutation Studies m KurarSSas, I9bb) (he figures for dietary fat intake 
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varied from 27-1 g. to 73-7 g. per day. Although the figures for Delhi arc higher 
than for other parts of India, it will be evident from Table HI that 50 per cent of 
the^total^pu lation consumed less than 50 g. of fat per day. Fats accdiiircribr 
and 24H~~j5eT^ccht ot total calories in the industnal and rural groups 
respectively. ° ^ ’ 


Table V. 


Dietary fat intake in different parts of India in g. per day. 
(Range in brackets.) 


Deuu; j 

j Bombay rural population: 

Coonoor: 

Industrial 

workers. 

Rural 1 
[population. 

1 High 
income. 

Medium 

' income. 

1 

Low 

^ income. 

1 

! Average. 

High 

income. 

Low 

income. 

69 

(0-225) 

53-3 

(0-250) 

73-7 

f 52 

1 

! 27-] 

47-6 

i (85-i20) 

(loiso) 


Table VI. 

Incidence of coronary artery disease out of all medical casesfrom 40 to IQ years of age. 

(Hospital figures.) 


I, Italy (Keys and WJiilc, loc. cil.) 

II. Sweden (Keys and White, loc. cit.) ... 

III, U.S.A. (Keys and White, loc. cil.) ... 

IV. India (Padmavati, loc. cil.) 


Naples 

Per cent. 
l-7to2-0 

Bologna i 

5-3 

Lund 

14-0 

Boston 

18-2 

Twin cities 

2G-2 

Delhi 

i 5-7 


A comparison with other countries would suggest that the fat intake of the 
Delhi population (low socio-economic groups) was similar to that of Cape Coloreds, 
and of men from Sardinia, Bologna (Keys et al., 1956), and Spain (Keys et al., 
1954). It was higher than the figures reported for Nigerians (Mann et al, 1955), 
Bantus (Bronte Stewart et al, 1955) and Naples firemen (Keys el al., 1956). It 
was far below the figures for Gape Europeans (Bronte Stewart et at., loc. cit,). 
Swedes (Keys et al., 1956), men in Great Britain (Keys and Keys, 1954) and of 
course those in the United States (Keys el at., 1950). The age groups are mostly 
comparable. 

Serum cholesterol levels.—Very fc\v comparable data exist from other parts of 
India regarding scrum cholesterol levels also. Early references from Calcutta 
(Bovd and Royj 1926; Bose and Dc, 1936) and Lucknow (Ghosc, 1933) were low 
compared to the present scries (Tabic VII). However, the methods used were 
very different from present day ones. The figures from Coonoor for low income 
groups were lower than for Delhi and the figures for high income groups ^vcrc more 
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comparable. Tlic figures for Defence personnel in Delhi (Nalli et al., 1957) were 
somewhat higher. However, these men belonged to a high socio-economic group. 


Table VII. 

Scrum cholesterol levels in Indian males (normals). 


1 

j 

Place. 1 

Calcutta 
(Boyd and 
Rev, 
loc. cit.) 

Lucknotv 1 
(Chose, 1 
loc. cit.) 1 

i 1 

Calcutta 
(Bose and 
Dc, 193G.) 

1 

i 

Coonoor 

(Gopalan and Rama- 
nathan, loc. cit.) 

Delhi 
(Nath, 
Gopalan 
and Iyer, 
loc.cit.) 

Delhi. 

i 



Low 

in^mc 

I-Iigh 

income 

Defence 

personnel 

Industrial 

workers. 

Rural 

population. 

Method 

\i'ied 

Myers i 
Warden 
method. 

1 

Bloor’s 

method. 

Myers 

1 Warden 
method. 

Abel and Kendall’s 

1 method. 

1 

Sperry 
and Webb 
method. 

Iron rcage 
of Zak 

nt method 
i el al. 

Total 
scrum 
cholesterol 
in mg. 
per cent. 

1 

82 to 184 

110 to 180 

1 

120 to 160 
(mean 140) 

1 

121 to 126 

132 to 170 

177 to 215 

168-7 

179-5 


The cholesterol levels in Delhi were slightly higher in the rural population 
than in the industrial workers. Compared to the other countries the cholesterol 
levels in the industrial workers were similar to those of the Bantus (Bronte Stewart 
et al., loc. cit.) and Naples firemen (Keys et al., 1956), both of whom lived on lower 
fat diets. The cholesterol levels in the rural population were slightly lower than 
those of Cape Coloreds (Bronte Stewart et al., loc. cit.) and much lower than for 
poor Spaniards (Keys et al., 1954) and similar to those of Bolognese (Keys et al., 
1956), Sardinians (Keys et al., 1956) and the patient controls from Edinburgh 
(Oliver and Boyd, 1953). The Cape Coloreds, Bologna policemen and the 
Sardinians lived on approximately the same fat intake as the Delhi groups. The 
levels were much lower than those for Western Europe (Keys and Keys, 1954- 
Keys et al., 1954; and Oliver and Boyd, loc. cit.) and the U.S.A. (Gertler, Garn 
and Bland, 1950; and Keys et al., 1950) and significantly higher than those of 
Nigerians (Mann, Nicol and Stare, loc. cit.). 


Factors influencing the serum cholest erol levels. 

Age.—In the group of industrial workers the rise in serum cholesterol levels 
from the decades 10 to 29, and 30 to 49 was probably significant the value of ‘ P ’ 
being 0-05. In the Najafgarh group there was no significant increase with aee 
either in males or females. The increase per year of life did not exceed 1-6 mcr 
per cent at any time'in both the industrial and rural groups and as stated - before 
the rise was in the form of a steady plateau giving a total difference of only 16 mg 
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and 20 mg. per cent, respectively, in the value of serum total cholesterol between 
the ages of 20 and 50 years. 

The sh arp rise noted after 40 yea rs seen in studies elsewhere, such as in 
Minnesota (Keys et aL, 1950) and Massachussets (Gertler et al., 1950) was not 
noticed in this study. The average rise per year of life in the Minnesota studies was 
2-2 mg. Our studies would seem to resemble those of Oliver and Boyd [loc, 
cit.) at Edinburgh, and of Keys et al. in Neapolitans, the Bantus and the poor 
Spaniards (Keys et at, 1954). 

In this study even after the age of 40 years there was no significant increase in 
the seriim cholesterol levels of these subjects with an increasing fat intake. This 
would support the contention of Keys etal. (1952) that the_nse of serum cholesterol 
wit h age is most marked in populations on high fat dieted ~~ 

Fat intake. —We have no^been ^le to establish any significant increase in 
the serum cholesterol levels Avith increasing fat intake m an}' of the groups studied. 
It mustj hdiwver, be remembered that most of the subjects in all these groupTwere 
on a diet of fat content below 50 g. per day and the number on a high fat intake 
was small. It is interesting to note that in the small group of businessmen, and 
professional men we have studied so far (unpublished data) the blood cholesterol 
levels and the fat intake were the highest recorded in our whole series. Professional 
men (doctors) have an average blood cholesterol level of 264-5 mg. per cent. 
Further studies on these high socio-economic groups which are being completed 
will doubtless throw further light on this aspect of the problem. That a rise in 
scrum ch olesterol occurs on a high fat diet has been proved i n feeding experim ents 
o n hum am (Keys, 1952; Ahrem et at., lypo; HildritlTfT cTT, 1951 ; KempnefT 
problem 1948; Keys et al., 1950; and Chapman, loc-cit.) 

Further, epidemiological studies throughout the world would suggest that 
with increasing dietary ^t intake" the serum cholesterol levels also rise. 

Cholesterol intake. —We have not been able to demonstrate any significant 
rise in the serum cholesterol level with increasing cholesterol intake. This would 
appear to be in keeping with the findings of others (Keys and Keys, 1954; Keys 
et al., 1950; and Wilkinson, Blecha and Reimer, 1950). 

Physical activity .—Most of the individuals in both these groups fell into the 
range of ‘ medium ’ activity (Keys et al., 1956). It was, therefore, not possible 
in these two groups on similar fat intakes to study the effect of physical exertion 
on the serum cholesterol levels. 


Summary and conclusions. 


1 In a survey of 566 rural people and 486 industrial workers in Delhi, the 
incidence of hypertension was found to be 1-2 per cent in industrial workers and 
2-6 per cent in the rural population; that of coronaij artery discate 
judged from the history and about 1-3 per cent m Najafgarh if the small number of 

electrocardiograms taken were considered. 
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2. The average fat intake and scrum cholesterol levels for the two groups 
were as follows:— 


Group. 

Fat intake in 
g. per day. 

Per cent of 
caloric.s from 
fats. 

Total cholestkrol in mg. 

PER CENT 

Below 
j 40 years. 

Above 

40 years. 

Industrial workers 

68 

24-5 

[ 168-0 

169-0 

Najafgarli (males) 

! 67 

24-1 

j 180-3 

192-4 

1 

N.ijafgarh (females) 

38-5 

17-3 

j 174-0 

182-4 


3. There was no c orrelation between the scrum cholesterol levels and th e, 
dietary fat intake or the dietary' ch olesterol inta ke. 

i hc serum cholesterol level tended to increase with age but t he rise was 
ve ry gradual and did n ot show the sliar p upward trend noted in some studies 
elsewher e. 

5. The figures obtained at Delhi for dictaiy fat and for blood cholesterol 
levels were compared with those for other parts of India from the few data available 
and the differences discussed. 

6. The figures for Delhi were compared for both fat intake and cholesterol 
levels with figures from other countries. It was found that both as regards fat 
intake and the total cholesterol levels, Delhi resembled the results of survey among 
the Bantu, Cape Coloreds, Neapolitans, and Bolognese in Italy. The significance 
of various factors considered responsible is discussed. 
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EXPERIMENTAL PEPTIC ULCERATION. 

Part II. 

THE SIGNIFICANCE OF PEPTIC ACTIVITY. 

BY 
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AND 
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ScHiFFRiN and Warren (1942) showed that an important factor in the 
production of peptic ulceration was pepsin of the gastric juice; free acidity alone 
did not cause marked ulceration, but acid pepsin solution, when introduced into the 
stomach, produced ulceration and even perforation. Babkin (1950) noted that 
by inactivating pepsin without changing the acidity, the life of dogs with experi¬ 
mental peptic ulceration could be prolonged. LeVeen (1947) observed that 
pepsin was essential for the production of ulceration and suggested that the role 
of acid was only to enhance the peptic activity. Mann (1935), on the other hand, 
produced experimental gastric ulceration by continuous drip of hydrochloric 
acid in the stomach. Winkelstein and Berg (1938) showed that hyperchlorhydria 
was an essential factor in the causation of peptic ulceration. Grossman (1947) 
also demonstrated that acid alone could damage the gastric mucosa. Zaidi and 
Mukerji (1958) in a previous communication showed that high degree of ulceration 
was associated with higher values of free acidity. 

Babkin [loc. cit.) suggested the necessity for further investigations in the 
relationship of pepsin to experimental peptic ulceration. Grossman {loc. cit.) 
was of opinion that more proof was needed before acid could be rejected as the 
main factor in the causation of peptic ulceration. An attempt has, therefore 
been made to study these aspects and also the relationship of peptic activity and 
pepsinogen content of gastric tissue to experimental peptic ulceration. 

( 261 ) 



Experimental Peptic Ulceration. 


Materials and methods. 

Animals. —Male albino rats of the Institute strain, average weight 220 g., 
were used. 

Production of peptic ulceration. —The technique described by Shay (1945) with 
suitable modifications was used. The rats ^vere fasted for 48 hours and water 
^vas allowed ad lib. throughout the starvation period. After this period the animals 
were anaesthetized with ether, abdomen opened and pylorus ligated avoiding 
nearby vessels and nen^es. The animals were sacrificed wth ether anesthesia 
sixteen hours after operation. 

Protection of peptic ulceration. —Protection from ulceration of the animals was 
brought about by injecting anticholinergic drug, oxyphenonium bromide, in 
multiple doses. First injection of 0-5 mg./c.c. was administered intraperitoneally 
15 minutes before the ligation and second and third injections of the same dose 
three and six hours respectively after the first injection. With this multiple dose 
schedule an effective prevention from ulceration was made possible. 

Histopathological technique. —^Autopsy was performed on all the animals 
sacrificed. After opening the abdominal cavity the stomach was inspected in situ 
for distension, congestion and perforation. It was then taken out, a small slit 
made in the duodenum along the greater curvature and the contents drained in 
a beaker. The stomach was then opened and inspected for any ulceration. The 
tissue blocks from stomach were fixed in 10 per cent formol saline and Regaud’s 
fluid. After complete fixation the blocks were embedded in paraffin and sections 
cut at 5 jti. Sections were stained with haematoxylin and eosin and for pepsinogen 
by Bensley’s neutral gentian stain (Gowdry, 1948). 

Biochemical technique. 

Pepsinogen. —All the stomachs, except those used for histological purposes, 
were ^vashed in cold water to remove food particles and homogenized individually 
in 100 c.c. of distilled water for five minutes in a Waring blender. The pepsinogen 
content of the aliquots after suitable dilution with 0-001 N-HCl, was determined 
by the method of Hirschowitz (1953). Instead of hasmoglobin, casein substrate 
was used. Results have been expressed as units of pepsin per stomach. 

Peptic activity. —^The gastric contents from each animal were centrifuged 
to remove any food particles. Peptic activity of gastric juice was estimated as 
described by Glick (1955) using phenol reagent and casein substrate. The results 
• have been expressed as ‘ pepsin unit ’. 

Free and total acidity. —Free and total acidity was titrated with 0-01 N-NaOH 
using Topfer’s reagent and phenolphthalein as indicators and expressed as m.eq/i. 

Plan of the experiment. 

The animals were divided into three groups. Group I of 10 animals fasted 
for 48 hours was kept as normal control. Group II consisted of 20 aninials in 
which ulceration was produc.e Group in included 15 animals which were ligated 
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Plate XII, 



to, 1. Left. Normal stomach. Right. Ulcerated stomach. 


Fig. 2. Normal stomach. Peptic cells 
contain dark staining pepsinogen 
granules (Bensley’s neutral gentian 
stain X 350). 
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Fig. 3. 


Ulcerated stomach. Pepsinogen gra¬ 
nules have disappeared from most of 
the peptic ^ cells (Bensley s neutral 
gentian stain X 350). 


Fig. 4. Stomach protected from ulceration. 
Peptic cells contain dark siainine 
pepsinogen granules (Bcnslcy’s 
neutral gentian stain X350). 
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Aoini.ii- <>! iro'tip'- 1 and III sliowed normal appcar- 
'■"ina.fli, ‘il-.f’.r ii-» rvidciue of foni'cstion, innamination or 
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showed rvnird nrdrm.iioiis maridn*: with marked infiltration of acute 
’^'’'‘•imniamry , dU. 

nor '.tiamih-. stained with Hensley’s neutral gentian stain, in the 

''■'■’""'r.l} ami pK.teeied group of animals filled the peptic cells (Plate XII, 

- ami - 5 ), r„ uleer.ited group, however, the pepsinogen granules had dis- 
f’>nm most of the jteptic cells (Plate XII, fig. 3). The peptic cells were 
nor”* 1 " and the lumen of the glands h.ad become wider as compared to the 
''mal and the group protected from ulceration. 


(/;) Biochemical : 

no • "/ Ihf siomacl/.—Tlic pepsinogen contents of tlic stomach in the 

^ nnal (control) and protected group of animals did not differ at 5 per cent level 
significance. The pepsinogen in ulcerated group was significantly lower than 
e normal animals at 5 per cent level and with the protected group at 1 per cent 
'cvel (see Table I and tlic Graph). 

j , juice.—The volume of the gastric juice obtained after 48 hours fasting 

, 1 ^oiTnal animals had a mean of 0-2 c.c. The volume in the protected and 

respectively, the difference 

'^'veen the two was not statistically significant at 5 per cent level 

«™up M sTerSS,'’' '■ighcr than pLeclcd 
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Experimental Peptic Ulceration. 


Pepsinogen-peptic activity. —^The relationship of pepsinogen and peptic activity 
is apparently the same in the normal and protected animals as evident from the 
pepsinogen-peptic activity ratio. In ulcerated group, however, the pepsinogen 
peptic activity ratio is significantly lower than the protected and normal groups. 
The mean values of pepsinogen and peptic activity are summarized in Table I 
and the Graph :— 

Table I. 


Gastric tissue pepsinogen and peptic activity of the gastric cotitents. 


1 

Group. 

Number 

of 

1 animals. 

1 

Peptic activity : 

Pepsinogen: 

Pepsinogen/peptic 
activity ratio. 

i P.V.xlO^- 

P.U./stomach X 10® 

I (Normal) 

I 10 

\ 

0-25* 

3-75i0-42 

15-00 

II (Ulcerated) ... | 

10 ] 

0-61±0-08 

2'41±0-3Q 

i 3-95 

III (Protected) 

1 15 

1 : 

0-24i0-l2 ; 

4-40i:0-35 

1 18-33 


Peptic activity—(‘ t ’ test) The mean value for group II is significantly higher than for group 
III at 5 per cent level (P<0’05). 

* This group shoivs a variance significantly lower than in other groups and 
has not been used for comparison. 

Pepsinogen—(‘ t ’ test) The mean value for group II is significantly lower than for group 111 
at 1 per cent level (P<0'01) and group I at 5 per cent level (P<0‘05), 
groups I and III do not diflTer at 5 per cent level of significance. 
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Acidity. —Tlic mean values and the j'angc of free and total acidity is shown 
in Table IL In the normal animals the mean value office acidity was 4 m.cq/1. 
and in protected animals 6 m.cq/1., respectively. In the ulcerated group the 
mean value of free acidity was 51 m.cq/1., eight animals out of twenty showed 
free acidity less than 32 m.cq/1. and the values above 32 m.eq/1. ranged up to 
100 m.cq/1. with the e.xccption of one animal which had a very high value of 
204 m.cq/1. 

Table II. 


Summary of results of acidity of gastric contents (groups /, II and III.) 


Group. j 

I (normal). 

n (ulcerated). 

III (protected). 

Numbrr of : j 

10 

20 

15 

Volume c.r. 4 | 

_ 1 

Mean ... 

0-2 

2.6 

2-0 

Range 

0-1-0-3 

1-1-5-7 

1-1-3-7 

Free .^ciciit\• ni.eq/1. 

Mean 

Range 

4 

0 -40 

51 

0 -100 

6 

0 -48 

Total acidity in.eq|l.^ 

Mean 

Range 

14 

10 -20 

98 

1 30 -134 

59 

26 -no 


(c) Comparative study of histochemical and biochemical findings of pepsinogen in 
the gastric tissue. —The histological study of pepsinogen and the chemical estima¬ 
tion of pepsinogen in the gastric tissue showed a direct relationship. In the 
normal and protected group peptic cells were filled with pepsinogen granules and 
greater amount of pepsinogen was estimated in the gastric tissue. In the ulcerated 
group fewer pepsinogen granules were seen in the section and lower pepsinogen 
values in the whole gastric tissue were obtained. 


Discussion. 

In the present experiments, acute peptic ulceration was produced aft^r the 
ligation of pylorus within a period of 16 hours. The site of ulceration was confined 
to the cardiac portion of the stomach and the severity of ulceration varied from 
mucosal hiemorrhage to deep ulceration. These findings are in general agreement 
with those of Barrett et al. (1953), though our experiments did not produce ulcera¬ 
tion as consistently as reported by them. Our experimental results as regards 
protection against ulceration with oxyphenonium bromide show that in multiple 
doses there is complete prevention of its occurrence which may be due to anti¬ 
cholinergic effect of the drug. 

Bowie (1940) noted, in cats, maximum number of peptic cells near the middle 
of the greater curvature, but those diminished in number towards the pylorus and 
cardiac end. Zaidi and Mukerji (loc. cit.) also showed that in histamme-induced 
ulceration in guinea-pigs the degree of ulceration in the fundus was several times 
higher than in the pylorus. In our experiments, the ulceration produced by the 
hgation of pylorus was confined to the cardiac portion devoid of peptic cells The 
site of ulceration, therefore, is not related to the distribution of peptic cells.' 

Hirschowitz et al. (1956) noted that pepsinogen contents of rat’s stomach 
were decreased after adrenalectomy and Scudder et al. (1938) observed that changes 
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produced through obstruction of gastro-intestinal tract were markedly similar to 
those seen in adrenal insufficiency. In the pi'esent experiments in ulcerated and 
ulcer-prevented group of rats, the conditions of obstruction were identical and if 
adrenal insufficiency played a major part, it should have manifested itself equally 
in both the groups. The pepsinogen contents, however, remained unaltered in 
ulcer-prevented group, while in the ulcerated, were greatly reduced. It, there¬ 
fore, appears that pyloric ligation alone does not cause that degree of adrenal 
insufficiency which may effect alteration in pepsinogen contents. Hirschowitz 
et al. {loc. cit.) further suggested that starvation may be another factor responsible 
for the reduction of gastric pepsinogen. In our experiments starvation equally 
affected all the groups, but the excessive reduction of pepsinogen contents was only 
marked in the ulcerated group which cannot be explained by starvation. Some 
other mechanism may, therefore, be involved in the reduction of pepsinogen. 

Vineberg (1931) and Babkin {loc. cit.) observed that the stimulation of 
vagus or the mechanical stimulation of pylorus caused increased peptic activity. 
In our experiments it appears that pyloric ligation in ulcerated group of animals 
caused stimulation of vagus which brought significant decrease in the pepsinogen 
content, increase peptic activity in the gastric juice hence lowering of the pep¬ 
sinogen peptic activity ratio. In six animals highly increased values of peptic 
activity were associated with deep ulceration and perforation showing a relation¬ 
ship between increased peptic activity and the severity of lesion. Vanzant et al. 
(1936) also observed similar correlation. In animals where ulceration was pre¬ 
vented peptic activity, however, remained within normal limits and pepsinogen- 
peptic activity balance maintained. 

Hyperacidity has been considered by Mann {loc. cit.) and Grossman {loc. 
cit.) to have a direct corrosive action on the gastric mucosa resulting in ulceration. 
In our experiments in twelve animals in the ulcerated group hyperacidity above 
30 m.eq./l, was associated with ulceration. In eight animals, hypoacidity less 
than 30 m.eq./l. was present and out of these five showed ulceration. In gastric 
ulceration following ligation of pylorus, hyperacidity appears to be related but 
not consistently to ulceration. 

LeVeen {loc. cit.) sought to determine which constituent of the gastric juice, 
pepsin or the acid, was responsible for ulceration. He showed that hydrochloric 
acid did not damage the intestinal mucosa or made it more susceptible for the 
digestion of pepsin. The experiments of LeVeen indicated that increased peptic 
activity alone could cause intestinal ulceration, but did not establish its importance 
in relation to the development of gastric ulceration where the defence mechanism 
is superior than present in the ileum (Sanchez-Palomera, 1951).^ In the present 
experiments the factor or factors responsible to sensitize or bring about initial 
damage to the gastric mucosa may be vascular disturbance caused by the ligation 
of pylorus or the increased acidity of the gastric juice, but these studies clearly 
demonstrate a positiv'^e relationship between increased peptic activity and ulceration. 


Summary. 

1. Acute peptic ulceration ^vas produced in rats \vithin si.xteen houis after 
the ligation of pylorus. The site of ulceration was confined to the cardiac end o 
the stomach and the severity varied from mucosal hsemorrhage to deep ulceration. 
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2. Histoclicmical studies and estimations of the pepsinogen contents of the 
^vIlole stomach were made and peptic activity and acid content of the gastric juice 
determined in normal (control), ulcerated and ulcer-prevented animals. 

3. Pepsinogen in ulcerated group was significantly lower than in the 
normal animals. There was a significant increase of peptic activity in the ulcerated 
animals. The mechanism for the increase of peptic activity and decrease in the 
pepsinogen contents of the stomach has been discussed. A positive relationship 
between increase peptic activity and ulceration was present. 

4. The role of hyperacidity in relation to peptic ulceration after the ligation 
of pylorus, has been studied and it has been noted that hyperacidity is related but 
not consistently to ulceration. 

5. Protection from ulceration after pyloric ligation was brought about by 
the intraperitoneal injections of multiple doses of anticholinergic drug, oxypheno- 
nium bromide. This procedure apparently helped to maintain normal pepsinogen 
and peptic activity balance. 


The authors are grateful to Dr. C. R. Krishnamurti for helpful suggestions 
in biochemical work; and to Mr. B. L. Verma and A. K. Deb for their technical 
assistance. Thanks arc due to Mr. P. A. George for statistical analysis and 
Mr. S. Banerji for the preparation of photomicrographs. 
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Introduction. 

Although still controversial, the metabolic lesion in the utilization of glucose 
in diabetes is attributed primarily to an impairment in its initial phosphorylation 
to glucose-6-phosphatc by hcxokinasc. Since the metabolism of other hexoses, 
such as fructose and galactose, seems to be initiated by different kinases (Slein 
etal., 1950; Leloir, 1953), it would appear that these sugars might serve as metabolic 
fuels in diabetes. Fructose metabolism has often been studied in this content 
(Root et al., 1946;- Miller et al., 1952; Smith et al., 1953; Runyan and Kantor, 
1954; Moorhouse and Kark, 1955). The results suggested that diabetics utilized 
fructose normally and better than glucose. Thus, in diabedc patients administered 
fructose was not only removed from the blood as readily as in normal persons but 
it was accompanied by lesser hyperglucemia and glucosuria and a prompt fall in 
the blood concentration of inorganic phosphate and relatively large increments in 
the levels of intermediai-y metabolites, such as pyruvate, lactate, etc., in contrast 
with the minor changes observed in these constituents after that of glucose. It has 
also been reported that fructose is oxidized at nearly normal rates by diabetic rat 
liver in vitro (Ghernick and Chainkoff, 1951) and by the liver of diabetic patients 
in vivo (Caraig et al, 1951). Comparative studies on the metabolism of galactose 
(Alslev, 1952) have shown that the blood galactose, pyruvate and lactate curves 
in diabetics are of the same magnitude and pattern as in normal subjects, although 
some elevation occurred in the blood glucose levels. 


. * This investigation was supported by a Research Fellowship to one of us (E.R.D.l from the Rantakos 

Medical Research Board, Bombay. ‘ ^ 
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The normal metabolism of these sugars in diabetes is explained on the basis 
that they enter the Embden-Mayerhof scheme at points different from that of 
glucose by the action of kinases, which unlike the one concerned in the case of 
glucose, mediate these reactions independently of insulin. However, once they 
join the glycolytic path, they could be converted into glucose-6-phosphate, and 
hence, in spite of the different metabolic routes followed initially, they could be 
potential sources of blood glucose. This seemed to be their main metabolic fate 
from a previous study (Baneijee and Divakaran, 1957) of their utilization in 
alloxan-diabetic rabbits. It was noticed that feeding of fructose and galactose to 
diabetic rabbits produced marked elevations in blood glucose levels, and conse¬ 
quently increased glucosuria, although there was no difference in blood fructose 
and galactose curves or in the urinary excretion of these sugars from that in normal 
rabbits. Consequently, when the over-all utilization of these sugars was compared 
\vith that of glucose, they appeared only slightly superior to it as metabolic fuels 
in diabetes. 

Since intestinal mucosa and liver contain enzyme systems which could 
convert fructose into glucose (Stewart and Thompson, 1941; Bollman and Mann, 
1931), it was thought that intravenous administration would be a more relevant 
procedui'e to assess the utility of these sugars as substitutes for glucose in diabetes. 
Accordingly, we have studied the comparative utilization of intravenously 
administered glucose, fructose and galactose in normal and alloxan-diabetic rabbits. 
The results show, as in the previous study, that in the diabetic organism fructose 
and galactose cause elevation of blood glucose, although there is no modification 
in the rate of their withdrawal from the blood stream. 

Experimental. 

Rabbits weighing 1 kg. to 2 kg. were used in the experiments. After 
serving as normal controls, they were made diabetic by intravenous injection of 
alloxan monohydrate (Banerjee, 1945). The animals were fasted 18 to 20 hours 
before administration of the sugars. A SO-per cent solution of each sugar, at the 
rate of 1 g. per kg. body-weight, was injected into the ear vein at a rapid rate. 
Blood samples were collected before and at ^-hourly intervals up to 2|- hours after 
the administration of glucose and fructose and up to 3|- hours after that of galactose. 
These were analysed for total sugar (Hagedorn and Jensen, 1923), inorganic 
phosphate (Fiske and Subba Row, 1925) and fructose (Roe, 1934) or galactose. 
Galactose was estimated by the Hagedorn and Jensen procedure after removal of 
glucose \\4th freshly grown Saccharomyces cerevisie. Glucose was computed as the 
difference beUveen total sugar and the glucose equivalent of fructose or galactose 
depending on the sugar administered. The effect of fructose on blood glucose 
was also studied in both normal and diabetic animals given an intravenous 
injection of 0-4 mg. dihydro-ergotamine methane sulphonate prior to its admims- 

tration. 

Samples of 24-hour urine collected after the administration of different sugars 
were analysed for individual sugars in the case of normal animals and for total 
suffar as well in the case of diabetic ones. The methods used were the same as those 
employed for the estimation of these sugars in blood, except that the urine collected 
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prior to the administration of each sugar was used as a blank in its determination. 
Total sugar in the urine of dibctic rabbits was measured by Benedict’s (1911) 
titration method. It ^vas noticed that in fasted diabetic rabbits the increase in 
urine glucose over the previous day’s value after the administration of each sugar 
exceeded even the entire amount administered. This indicated that the food 
consumed after the test contributed some glucose in the urine. lienee, the total 
as \vell as individual sugars excreted after the administration of different sugars 
by non-fasted diabetic rabbits receiving the same amount of food daily were also 
estimated, since this would be more appropriate to evaluate their comparative 
utilization. 


Results. 

Subtraction of the glucose equivalent of fructose after its administration 
from the total sugar of the blood samples revealed that their reducing powers were 
far in excess of that of the fasting sample. Determination of the reducing power of 
these blood samples after treatment with freshly grown yeast showed that non¬ 
sugar reducing substances were only bout 10 mg. per 100 c.c. of blood and that 
their concentrations did not vary at different intervals. Hence, it was assumed 
that the increases in reducing power of the blood, observed after fructose and 
galactose and which could not be accounted for by either of these sugars must 
be due to elevations in blood glucose. The mean increases in blood glucose levels 
thus observ'cd after the administration of different sugars are sho^vn in Table I. 
The magnitude of this rise varied with the sugar administered, but it was almost 


Table I. 


Blood glucose levels after adminislralion of glucose, fructose and galactose in 
normal and alloxan-diabetic rabbits. 


Mean 


Rabbits. | 

Sugar. 1 

1 

fasting 
blood 
glucose, 
mg./lOO c.c. 

Normal 

1 (6) Glucose ... 

92± 6 

> > 

(6) Fructose ... 

89± 7 

,, 

(6) Fructosef... 

101± 5 

) > 

(6) Galactose 

91± 7 

Diabetic 

(6) Glucose ... 

303 ±47 

> > 

(6) Fructose ... 

326±75 

> > 

(6) Fructosef... 

281±67 

> > 

(6) Galactose 

286±68 


Mean increase in blood glucose above easting level 
(mg./IOO c.c.) : 

Hours after e 

idministration of sugars: 


A 1 1 

1 

H 

24 

34 

193±20 
73±14 
29±10 
I7±10 
208± 14 
74±23 

78 ±14 
38±28 

132±24 
65±13 
28± 9 
12± 3 
173±19 
108±14 
105±12 
61±30 

77±25 
38±11 
9± 6 
7± 5 
145±24 
111±18 
101±10 
76±22 

8±11 
12± 7 
—16± 4 
—2± 2 
109±33 
92±21 
87±21 
67±19 

-1± 1 

48± 18 


The figures in paraenthesis indicate the number of rabbits. 

* Standard deviation. 

t Administration of fructose in these animals was preceded by iniection of j 

methane sulphonate. ^ ^ mjection ol U 4 mg. dihydro-ergotamine 
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identical initially for a given sugar in both normal and diabetic rabbits. Di- 
hydro-ergotamine partly suppressed this elevation after fructose in. normal animals 
but not in diabetic ones. The response of blood inorganic phosphate towards the 
three sugars was neither consistent nor significant. In normal rabbits fructose and 
glucose produced minor falls in blood phosphate, but in diabetic rabbits similar 
decreases occurred only after fructose (Table II}. The levels of fructose and galac¬ 
tose in the blood of diabetic rabbits after the administration of the respective sugar 
did not differ from those of normal animals (Tables III and IV). The urinary 
excretion of these sugars also did not vary significantly between the two groups 
(Table V). The magnitude of the increase in urine glucose after each sugar 
corresponded empirically to the magnitude of the elevation in blood glucose it 
produced and to the severity of diabetes. Thus, the increase in urine glucose 
could account.for 62 to 95 per cent of the amount administered in the case of 
glucose, 26 to 76 per cent in the case of fructose and 19 to 31 per cent in the case 
galactose, besides 13 to 18 per cent of fructose and 18 to 30 per cent of galactose 
excreted as such (Table VI). 


Table II. 

Blood inorganic phosphorus levels after administration of glucose, fructose and 
galactose in normal and alloxan-diahctic rabbits. 


Rabbits. 


Sugar. 


Mean levee of blood inorganic phosphorus (mg./IOO g.c.) : 


Hours after administration of sugars; 




0 

4 

1 

H- 

2^' 


Normal 

? j 

Diabetic 

>5 

(6) Glucose 
(6) Fructose 
(6) Galactose 
(6) Glucose 
(6) Fructose 
(6) Galactose 

5-68i0-64 

5-57±0-39 

5-50i:0-54 

5-35±Ml 

4-87±0-83 

4'92±0-72 

5-324:0-80 
5-07±0-55 
5-48±0-59 
5-35±l-ll 
4-65±l-00 
4-92±0-72 

5-l0i0-78 

5-25±0-61 

5-50±0-54 

5-22±0-99 

4-77±0-94 

4-92i:0-72 

5-23±0-6I 

5-37±0-54 

5-52±0-30 

5-17i0-98 

4-87±0-83 

4-92±0-72 

5-53±0-72 

5-47±0'43 

5-52±0-50 

5-I7±0-98 

4-8Bi0'91 

4-87±0-75 

5-43±6-57 

4-68±0-79 


Table III. 

Fructose levels in blood after admmisiration of fructose in normal and alloxan- 

diabetic rabbits. 


Mean level of fructose (mg./IOO c.c. blood) : 


Rabbits. i Hours after administration. 


! ^ ! 

1 

H 

Normal 

(6) i 

88±U ! 

22 i5 

6i2 

Diabetic 

(6) 

97± 9 

2i±4 

54; 3 

Normal 

(6)* 

W8±ll 

24±5 

64:2 

Diabetic 

(6)* 1 

j 98±10 

224:5 

8±2 


* AdminvstraUQn of fructose in these animals was preceded by injection of 0 4 wg. dibydro 

ergotamine mctltane suiphonatc. 
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Table IV. 


Galactose levels in blood after adtninislralion of galactose in normal and alloxan- 

diabetic rabbits. 


! 

1 Mean level of galactose (mc./IOO c.c. blood) : 


Rabbits. Hours after administration. 


1 

1 

1 

‘ 2iV 

i ^ 1 

H 

Normal 

( 6 ) 

I34i 7 

82in 

■ 44 ±7 

i 10±7 

0 

Diabetic 

, 6 , 

145±12 

89± 9 

i 4G±7 

I 6±4 j 

0 


Table V. 


Twenty-four hour urine sugars after administration of glucose, fructose and 
galactose in fasted normal and alloxan-diabetie rabbits. 


j 

Rabbits. j 

! 

Sug.ar. 1 

Average amount 
administered, 

! 

Urine 

sugars: 

1 Average amount 
excreted, mg. 

As percentage of 
amount administered. 

Normal ] 

( 6 ) Glucose ... 

1.270±0-175 

' 94±24 

7-4 

» ' 

( 6 ) Fructose ... 

t.240±0-210 

ISGi^ 

12-G 


( 6 ) Fructose*... 

1.G25+0-260 

! I72±25 

lO-G 


( 6 ) Galactose 

1.2G0±0-200 

: 306±84 

24-3 

Diabetic 

(G) Fructose ... 

1.275±0-244 1 

152dz42 

11-9 


(G) Fructose 

I.290±0-210 

n9±41 

9-2 


(G) Galactose 

I.310±0-170 j 

381±92 

29-1 


♦Administration of fructose in these animals was preceded by injection of 0’4 mg. di- 
Iiydro-erogtamine methane sulphonatc. 


Table VI. 


Twenty-four hour urine sugars after administration of glucose, fructose and 
galactose in four non-fasted alloxan-diabetic rabbits. 



Amount 
adminis¬ 
tered, g. 


Urine sugars; 


.Sugar. 

Glucose ex¬ 
creted before 
administra¬ 
tion, g. 

Glucose ex¬ 
creted after 
administra¬ 
tion, g. 

Amount 

excreted 

unchanged, 

mg. 

Percentage 

amount 

utilized. 

Glucose 

Fructose 

1-250 

1-250 

4-042 

4-196 

5-029 
4-849 : 

190 

20-9 

32-7 

49-0 

Galactose 

1-250 

3-877 

4-190 

326 
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Discussion. 

It is apparent from a comparison of the blood levels of different sugars after 
their administration in normal and diabetic rabbits that the latter withdraw 
fructose and galactose from the blood as rapidly as the former. This suggests the 
absence of any impairment in the initial stages of their metabolism in diabetes. 
This IS in conformity wdth the findings of others (Root et al, loc. cit.; Miller et aL, 
loc. cit. ; Smith et al., loc. cit. ; Runyan and Kantor, loc. cit.; Aislev, loc. cit.) and is 
consistent with the concept that the metabolism of these sugars is initiated by 
enzymes distinct from the one involved in that of glucose and that these enzymes 
are uninfluenced by insulin. Yet, in spite of the prompt removal of these sugars, the 
reducing power of the blood after their administration is considerably enhanced. 
This rise in reducing power cannot be accounted for by either fructose or galactose 
and can be abolished by fermentation. Further, substantial increments also occur 
in the urine glucose in diabetic animals. Evidently, all these indicate an increase 
in the true glucose concentration of the blood. The most obvious explanation for this 
would be the conversion of fructose and galactose into glucose in the animal 
body, although it is conceivable that while fructose and galactose are being meta¬ 
bolized the organism is unable to make use of the glucose which it might be 
utilizing otherwise. But the increase in blood glucose after fructose and galactose 
in diabetic animals is much more than in normal animals and hence the latter 
interpretation seems to be incompatible. 

The possible pathway whereby fructose and galactose are transformed into 
glucose might be as follows. Although the occurrence of fructokinase has been 
demonstrated both in liver and muscle (Slein et al., loc. cit.), there are evidences 
to show that in the intact organism liver is the main site of fructose metabolism 
(Craig et al., loc. cit.’, Mendeloff and Weichsebaum, 1953; Wick et at., 1953; Van 
Itali et al., 1954). Galactokinase does not seem to be present in any other tissue 
except liver and possibly intestinal epithelium (Leloir, loc. cit.’, Hele, 1950). 
Hence, in all probability liver might be the main organ concerned with the 
metabolism of fructose and galactose (Wick and Drury, 1954). Now, in the liver 
fructose enters tire glycolytic pathway at the stage of fructose-6-phosphate (Cori 
etal., 1951) and galactose at that of glucose-1-phosphate (Leloir, loc. cit.) and both 
these compounds could be converted into glucose-6-phosphate. OMng to the 
presence of glucose-6-phosphatase (Swanson, 1950), it is obvious how fructose and 
galactose could easily form blood glucose, even without passing through the stage 
of liver glycogen. Since the specific enzyme, glucose-6-phosphatase, seems to be 
absent in muscle (Cori et al., 1938), it is unlikely that once fructose enters the 
metabolic stream in this tissue it can directly contribute any glucose into the 
blood. There are evidences to show that kidney might also be involved in the 
conversion of fructose into glucose (Bollman and Mann, loc. cit.), Griffiths and 
Waters, 1936; Reinecke, 1956). However, considering the important role of liver 
in the regulation of blood glucose, the elevated levels of glucose observed after the 
administration of fructose and galactose might be attributed to gluconeogenesis 
occurring mainly in this organ. 

It appears from the initial magnitude of the rise in blood glucose after each 
sugar that this transformation occurs approximately to the same extent m ot i 
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normal and diabetic rabbits. The greater elevations seen at later intervals in 
diabetic animals might be due to their inability to utilize the glucose so formed. 
It has been reported (Langdon and Weakly, 1955) that glucose-6-phosphatase 
activity of the liver is increased in alloxan-diabetes. The enhanced activity of this 
enzyme might also be responsible for the abnormal elevations in blood glucose 
observed in diabetic animals. Other investigators (Root ct aL, loc. cil.; Miller 
cl aL, lor. cil.; Smith el aL, loc. cil.; Runyan and Kantor, loc. cil.) have reported 
only comparatively lesser increases in blood glucose after administration of 
fructose to diabetic subjects. However, a recent in vilro study (Rcnold el aL, 1954) 
with diabetic rat liver sho\vs that in spite of the normal phosphorylation of fructose, 
a major portion of it is converted into glucose. 

Although the amounts of fructose and galactose eliminated in the urine of 
diabetic animals are of the same magnitude as of normal animals, the administra¬ 
tion of these sugars is followed by substantial increases in the urinary output of 
glucose in the former group. Tlie concomitant glucosuria is commensurate with 
the increase in blood glucose caused by each sugar and the severity of diabetes. No 
doubt the magnitude of hypcrgluccmia and glucosuria observed in diabetic animals 
after the administration of fructose and galactose is comparatively less than that 
obtained after that of glucose, nevertheless, the advantage does not seem to be 
sufficient enough to advocate the use of these sugars as alternate metabolic fuels 
in diabetes. 


Summary. 

1. The comparative utilization of three monosaccharides viz., glucose, 
fructose and galactose, administered intravenously tvas studied in normal and 
alloxan-diabetic rabbits. 

2. Blood samples obtained before and at intervals after administration of 
these sugars were analysed the total sugar, inorganic phosphate fructose or a 
galactose. True blood glucose values were calculated by subtracting the glucose 
equivalent of fructose or galactose from the total sugar. Samples of 24-hour urine 
collected after the administration of different sugars were analysed for individual 
sugars in the case of normal rabbits and for total sugar as well in the case of diabetic 
animals. The 24-hour urinary output of glucose as well as fructose or galactose 
was also estimated after administration of the different sugars in non-tasted diabetic 
mbbits. The effect of dihydroergotamine on blood glucose was also studied by 
injecting 0-4 mg. of the substance into normal and diabetic rabbits prior to 
administration of fructose. 

3. Diabetic animals removed fructose and galactose from the blood as readily 
as normal animals. The amounts of these sugars eliminated in the urine were 
not significantly different in the two groups. Obviously the initial stages of the 
metabolism of these sugars proceed normally in diabetes and that insulin does 
not mediate the actions of fructokinase and galactokinase. 

4. However, administration of fructose and galactose was accompanied by 
elevations of blood glucose, which were of considerable magnitude in diabetic animals 
Commensurate with this increase in blood glucose and the severity of diabetes* 
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there was enhanced glucosuria. Injection of dihydroergatamine partly suppressed 
the elevation of blood glucose after fructose in normal rabbits, but not in diabetic 
ones. The rise in blood glucose occurring after administration of fructose and 
galactose might be due to conversion of these sugars into glucose probably by the 
liver. The abnormal increase seen in diabetic animals might be either due to 
their inability to utilize the glucose so formed or due to enhanced rate of conversion. 

5. When the over-all utilization of fructose and galactose by diabetic animals 
was assessed, they appeared to be assimilated only slightly better than glucose. 
Hence, the superiority of these sugars over glucose as metabolic fuels in diabetes 
does not seem to be much. 
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HIGHER NERVOUS CONTROL OVER FOOD INTAKE-. 

BY 
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[ Received for publication, July 11, 1957. ] 

The role of central nervous system in regulating food intake has been long 
recognized, since cither obesity or emaciation may occur in patients with nervous 
diseases. Interest has been focussed on the hypothalamic region as a result of the 
experimental studies of many workers (Hetherington and Ranson, 1940, 1942; 
Hetherington, 1941; Brobeck, Tepperman and Long, 1943; Kennedy, 1950) who 
have reported the development of obesity in rats associated with hyperphagia after 
bilateral lesions in the ventro-medial nucleus of the hypothalamus. Recent studies 
in rats, cats, and monkeys by Anand and Brobeck, 1951; Delgado and Anand, 
1953; Anand, Dua and Shoenberg, 1955; and Anand and Dua, 1955, have shown 
the presence of two opposing regions of the hypothalamus regulating food intake; 
a ^feeding centre ’ in the lateral hypothalamus and a ‘ satiety centre ’ in the medial 
hypothalamus. These probably act as facilitatory and inhibitory mechanisms 
respectively for feeding reflexes mediated from a lower level. In the case of monkeys 
(Anand, Dua and Shoenberg, loc. cit.) results also suggested the existence of 
‘ higher ’ control over these hypothalamic centres. 

Bruce and Kennedy (1951) on the basis of their experiments with rats have 
suggeted two distinct types of urges to eat; (a) hunger, the central regulator of which 
is located in the hypothalamus; {b) appetite, the central regulator of which is situated 
in the cerebral cortex and the influence of which may modify, in some cases even 
reverse, the effect of the hypothalamic influence. Pribram and Bagshaw (1953). 
reported in monkeys that temporal polar-amygdaloid formations are related to 
regulation of food intake. The present study was, therefore, undertaken to 
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determine the relation of some of the ‘ higher ’ nervous regions to food intake. 
Since some structures in the frontal and temporal lobes (limbic system) are already 
known to influence certain visceral activities and affective behaviour, lesions were 
made in these regions to study their effects on food intake. 

Methods. 

Forty-one monkeys [macacus) and thirteen cats survived following lesions 
in the frontal or temporal lobes. These were fed ad libitum, both before and after 
operation. Daily records of their food intake and weight were kept. They were 
observed for about a month before operation. The monkeys were fed on grams, 
nuts and fresh vegetables, and the cats on minced meat and milk. Intraperitoneal 
sodium pentobarbitone (M. & B.) was used for anEesthesia in each case; 0’7 to 
0‘8 c.c. of a 5 per cent solution/kg. body-weight in monkeys and 0-8 to 1 c.c./kg. 
body-weight in cats. 

Bilateral surgical lesions were made by aspiration through large craniotomy 
holes in twenty eight monkeys and eight cats. In sixteen monkeys these involved 
different areas of the frontal lobes, in eleven monkeys different regions of the 
temporal lobes, and in one monkey these were in the occipital lobes. Seven cats 
had surgical lesions in the frontal lobes and one cat in the temporal lobes. 
Bifrontal lobectomies were carried out in one stage operation, while bitemporal 
lobectomies were done in two stages. Earlier lesions involved extensive areas of 
either the frontal or temporal lobes. In the latter studies, these lesions were 
restricted to small localized regions so that the relative effects of lesions in different 
regions on food intake could be studied. 

For a similar reason in the remaining animals (13 monkeys and 5 cats), 
restricted bilateral electrolytic lesions were made stereotaxically in the following 
regions, by the technique described by Anand, Dua, and Shoenberg {loc. cit.). 

Number of Number of 
monkeys cats 


(i) Orbital surface of the frontal lobes ... 3 1 

[ii) Anterior cingulate gyri ... ... 2 1 

(ni) Amygdaloid nuclei ... ... 4 2 

(iy) Hippocampus ... ..; _ 2 

(y) Periamygdaloid region including pyriform 

cortex ... ... ... 2 1 

The animals were kept alive for about 2 months after operation and finally 
sacrificed. Some of them died earlier. Macroscopic and histologic studies were 
made on their brains to localize and to assess the exent of lesions. 


Results, 

The modifications in food intake which follow any of these lesions were only 
slight and never so pronounced as those occurring after hypothalamic lesions 
(/Land and Brobeck, 1951; Anand, Dua and Shoenberg, loc. cit.). 
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Monkeys: 

Frontal lobe Lesions made citlicr surgically or clcctrolytically of the 

frontal lobes were in tweniyone monkeys. Sixteen had surgical lesions involving 
the frontal lobes. In six of them the frontal lesions were very extensive and 
involved in addition to the prefrontal lobes the posterior orbital surface and the 
anterior cingulate gyri (Graph 1). In these the total food intake decreased. 
Initially, the intake of all food stuffs was decreased, but later the intake of nuts 
and grams gradually returned to normal, whereas the vegetable intake remained 
low. Three of the six monkeys developed marked liypcractivity ]3ost-operativcly, 
and the initial drop in food intake in tliese, although definite, was not so marked 
as in the other three. In these after some time the intake of grams and nuts even 
rose somewhat higher than the pre-operative level, but the vegetable intake 
remained low (Graph 1). Since the hyperactivityJr would have been expected 
to cause an increase in food intake, the decrease in intake assumes greater signi¬ 
ficance. The animals showing hyperactivity also had in\’olvcmcnt of the head 
of the caudate nucleus. 


Graph 1. 



50 25 30 4 9 14 19 24 29 5 10 15 20 25 30 4 9 14 19 24 


January February March April 

Days. 

Food intake chart and brain photograph oj monkeys 21, after extensive surgical lesions of frontal lobes 
including the posterior orbital surface. This monkey developed hyperactivity post-operatively. 


In four monkeys the surgical lesions of the frontal lobes were less 
and involved mainly the anterior tips, leaving the orbital cortex and 


extensive 

anterior 



280 


Higher Nervous Control over Food Intake. 


cingulates intact. These showed a general increase in the intake of all food stuffs 
(Graph 2). Only one of these monkeys developed hyperactivity and, therefore, 
the increase in food intake could not be due to this. 

Graph 2. 



25 30 5 10 15 20 25 30 4 9 14 19 24 29 3 6 

June July August September 

Days. 

Food intake chart and brain photograph oj monkey 2, a/ter less extensive surgical lesions of frontal 
lobes (mainly the frontal tips) excluding the posterior orbital surface. There was no 
hyperactivity. 

One monkey had surgical lesions restricted only to the posterior orbital 
cortex, and three more had electrolytic lesions involving this region. All of them 
developed a decrease in food intake (Graph 3), more marked for vegetables and 
groundnuts. The intake of grams tended to return to pre-operative levels soon 
after operation, tv'hile the intake of vegetables and nuts remained low. None of 
them showed any hyperactivity {see Fulton, 1951). 

Two monkeys had surgical lesions and two others electrolytic lesions restricted 
to the anterior cingulate gyri. One of them with surgical lesions had some des¬ 
truction of the adjoining medial frontal cortex too, and this showed a slight decrease 
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Graph 3. 
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Food intake chart and brain photograph of monkey 29, after surgical lesions restricted to the 
posterior orbital cortex. 


in food intake, mainly nuts, for a few days only. The remaining three failed to 
show any change in food intake. 

Three other monkeys became comatose after extensive surgical frontal 
lesions. These were completely aphagic and died within a week. On post 
mortem they showed marked hsemorrhage into the frontal lobes. 

Temporal lobe lesions .—^Nineteen monkeys had lesions in the temporal lobes, 
made surgically in eleven and electrolytically in eight. Two monkeys had 
surgical lesions extensively involving the temporal lobes, including the amygdaloid 
and periamygdaloid regions. These showed a fall in the food intake for some days, 
before it gradually returned to the pre-operative levels and ultimately increased 
above this level (Graph 4). In two others, the surgical lesions, although extensively 
involving the temporal lobes and uncus, were more superficial and there was no 
involvement of the_ amygdaloid nuclei or the periamygdaloid regions. They had 
a general increase in food intake from the beginning (Graph 5). 

In five other animals, the surgical lesions were slight and restricted to small 
temporal cortical regions. Two had mainly involvement of the temporal tips and 
these showed some increase in food intake. One had lesions of the insula and 
the adjoining temporal cortex and this also had some increase of food intake Two 
others had involvement of the cortex on the lateral surface in the periamyedaloid 
region and these showed some decrease in food intake. 
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Graph 4. 
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Food intake chart and brain photograph 0 / wonfcej 22, after extensive surgical ksions of the 
temporal lobes, including the amygdaloid regions. 

All the five animals with lesions (electoylytic in four and surgical in one) 
restricted to the amygdaloid nuclei stopped eating for about I to 2 weeks during 
which time they were kept alive by stomach feeds (Graph 6). After this their food 
intake generally returned to normal levels. Three animals with lesions (two 
electrolytic and one surgical) of the anterior hippocampus and two animals with 
electrolytic lesions of the periamygdaloid regions (pyriform area) behaved 
similarly, with the difference that the aphagic period lasted for first 3 to 4 days 
only. 

In none of the animals there was change in the water intake, in spite of the 
variations in the food intake. 

Cats: 

The quantitative changes in the food intake observed in cats after frontal and 
temporal lesions were much less than in monkeys after such lesions. An interesting 
observation in them was that the daily variations in the quantity of food intake 
tvhich were marked in some cats, almost disappeared post-operatively and the 
daily intake became more or less constant. 

Frontal lobe lesions.—Five cats had extensive surgical lesions involving the 
frontal lobes, but only two of them showed a slight decrease m the meat intake 
after the operation. One cat tvho had electrolytic lesions restricted to the orbital 
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Graph 5. 





Food intake chart and brain photograph of monkey 3, after extensive superficial surgical lesions 
of the temporal lobes excluding the amygdala. 


cortex, had low food intake for a few days only. Two cats had surgical lesions 
and one electrolytic lesion in the anterior cingulate. These did not show any 
change in food intake. 

Temporal lobe lesions .—There was extensive surgical involvement of these 
lobes in one cat, and this showed a slight increase in the daily meat intake. Of 
the two cats with electrolytic lesions in the amygdaloid nuclei, one developed 
aphagia for about a week, ultimately returning to normal, and the other one had 
slightly decreased food intake for a few days which returned to normal. Another 
one had electrolytic lesions in the periamygdaloid region and showed decrease 
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Graph 6. 
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Food intake chart of monkey 2Q, after electrolytic lesions '■ i feeds 

were given during the aphagicperiod. Section throng ‘ shews 

electrolytic destruction of antero-medial group of amygdaloid nuclei. 


in food intake for a few days. Aphagic and hypophagic responses an cats after 
amygdaloid lesions have also been reported in a previous study (Anand and 
Brobeck, 1952) although it was thought at that time that these may have been 
due to encroachment of the lateral hypothalamus. 

It was also observed (Anand and Brobeck, 1952) that elcctrolytm lesions in 
the amygdaloid nuclei of the rats did not produce any change in their food intake. 


Discussion. 

These experiments establish the control o^'J^^^^rain structures over t^ 
mechanism of food intake. Previous studies (Anand and Brobcck, 195^ Dc gado 
and Anand, loc. cU.; Anand, Dua and Shoenberg, he. at.; Anand and Dua, 1955) 
showed the presence in the hypothalamus of Uvo opposing mechanisms for t c 
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regulation of food intake, a 'feeding centre ’ in the lateral hypothalamus, and a 
‘ satiety centre ' in the medial hypothalamus. Bilateral destruction of the ‘ feeding 
centre ’ in the rat and cat produced a picture of complete aphagia leading to death 
by starN'ation. On the other hand, bilatcal destruction of this region in monkey 
produced a slightly modified response (Anand, Dua and Shoenberg, loc.^ cit.). 
Such a monkey would not cat the food available in the cage but if it was put directly 
into its mouth it ^vould swallow. Cat and rat would reject the food even when 
it was put into the mouth of the aphagic animal. It was presumed that this 
dificrcncc in the ease of monkey was due to higher cnccphalization, and so the 
control over food intake, at least in primates, was also mediated through ‘ higher ’ 
centres. 

Bruce and Kennedy {loc. cit.) have also concluded from their experiments on 
rats with hypothalamic lesions, that there arc two types of urges to cat; one ^vhich 
is located in the hypothalamus named as 'hunger', and the other located in the 
cortex of the brain named as ^appetite'. The cortical influence may modify, or 
even reverse, the effect of the hypothalamic factor. Also the modification of food 
intake through cortically mediated impulses would not be expected to have such 
pronounced effects as the more primitive hunger (Kleiber, 1956). 

Recent studies by a large number of workers have shown that frontal and 
temporal lobe structures belonging to the limbic system and the pre-frontal cortex, 
have a marked influence over certain visceral activities. These regions have, 
therefore, been designated collectively as ‘ visceral brain ’ (MacLean, 1949). It 
may, therefore, be argued that higher nervous control over food intake may also 
reside in these regions. These regions, therefore, have mainly been investigated 
in the present study. 

The results indicate that although the modificadons produced in food intake 
after frontal and temporal lesions are of a similar nature, they are much more 
marked in monkeys than in cats. This would be expected as the encephalizadon 
in monkeys is much higher than in cats. This would also explain why there was no 
change in food intake after amygdaloid lesions in rats (Anand and Brobeck, 1952). 
The disturbances in food intake were never so pronounced as after hypothalamic 
lesions, and also after these lesions in cats the daily variations in food intake 
which were quite marked in some animals, usually disappeared. These facts 
would support the concept of ‘ primitive hunger ’ being located at the hypothalamic 
levels and ‘ discriminating appetite ' in the brain. It is also interesting to note 
that brain lesions in monkeys affected the vegetable intake much more than the 
intake of grams and nuts which mainly supplied the calories. 

Frontal lobe lesions which- involved the posterior orbital cortex, either alone 
or along with other structures, usually led to a decrease in food intake which 
tended to return to, or exceed, the normal after about a month in spite of the 
hyperactivity occasionally produced. On the other hand, frontal lobe lesions 
which spared the posterior orbital surface developed a 
even without hyperactivity. Lesions restricted only 
did not change the food intake. Specific frontal lobe 
intake have not, to our knowledge, been reported, but 
crease and decrease in food intake after lobotomy opera 




0 the anterior cingulate 
studies changing the food 
n human beings both in¬ 
ions have been described. 



286 


Higher Nervous Control over Food Intake. 

The food intake tends to come back to its original levels, as the hypothalamic hunger 
or primitive urge to eat is intact, and only the discriminating mechanism is gone. 

Lesions producing large defects in the temporal lobes, usually produced an 
increase in the food intake. If the amygdaloid region was spared, the increased 
intake started immediately after. If the amygdaloid region was also included 
in the damage, the food intake decreased for a few days, and later rose to more 
than the pre-operative level. Lesions restricted to the amygdaloid and peri- 
amygdaloid regions produced a marked decrease in food intake, even aphagia, for 
some days before the food intake returned to normal. Less extensive lesions further 
removed from amygdaloid region produced a small increase in food intake. 
Pribram and Bagshaw [loc. cit.) in monkeys, Rosvold, Fuller and Pribram (quoted 
by Fulton, 1951) in dogs, and Primbram, Epstein and Bagshaw (quoted by Fulton, 
1951) m baboon, have all reported increased food intake after large surgical lesions 
involving this region. Anand and Brobeck (1952) have reported temporary 
aphagia in cats after lesions restricted to amygdala. 

The controlling influence of the frontal and temporal regions over feeding 
behaviour is thus clearly established. The orbital surface of the frontal lobes 
and the amygdaloid complex are probably facilitatory regions, while inhibitory 
influences may also be passing down from the frontal and temporal regions. It 
may be mentioned here that stimulation of these regions in unanaesthetized animals 
has been shown to produce movements of ‘ eating ’ automatisms (Anand and Dua, 
1956), i.e. chewing, licking, sniffing, sneezing, repetitive opening and closing of 
mouth with protrusion of tongue, but without any increase in food intake. 

Davis (quoted by Fulton, 1951) has shown that hyperactivity after frontal 
lesions is due to involvement of the caudate nucleus rather than posterior orbital 
cortex. We found the same in this study. All the monkeys showing hyperactivity 
had damage to the head of the caudate nucleus, while some who had localized 
lesions of orbital cortex, did not show any hyperactivity. 


Summary. 


1. Bilateral surgical lesions, some extensive and some restricted, involving 
different regions of the frontal or temporal lobes; or electrolytic lesions restricted 
to the orbital surface of the frontal lobes, anterior cingulates, amygdala and 
periamygdaloid regions, or hippocampus \yere made in forty one monkeys and ten 
cats and their effects on food intake studied. 


2 Frontal lobe lesions including or restricted to the posterior orbital cortex, 
led to a decrease in food intake; while those which spared the posterior orbital 
cortex were follo^ved by an increase in intake. Lesions restricted to anterior 
cingulate did not change the food intake. 

3. Lesions in the amygdala and periamygdaloid regions caused aphapa or 
marked decrease in food intake lasting for a few days, after which the mta -e 
returned to normal levels. Extensive temporal lobe lesions were follmvcd by an 
increase in food intake, preceded by an initial decrease if amyg a a a so was 
involved. Changes in food intake tended to disappear after some days. 
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Such changes were more marked in monkeys than in cats, and were 
never so pronounced as those associated with lesions of the hypothalamus. 

5. Pre-operative daily variations in food intake tended to disappear following 
such lesions in cats. 

6. It is concluded that frontal and temporal lobe structures modify food 
intake through a discriminating mechanism {appetite), which also influences the 
primitive urge {hunger) originating at the hypothalamic levels. 


The authors acknowledge with thanks the liclp and guidance of Dr. Baldcv 
Singh in this study. 
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THE PROBLEM OF STANDARDIZATION OF LIVER 

PREPARATION*!'. 

ISOLATION AND ESTIMATION OF SOME OF THE TOXIC 

CONSTITUENTS. 


Part I. 


BY 

S. K. DUTTA, 


AND 

SRIPATI BOSE. 

{From the Bengal hnmiinilj Research Institute, Calcutta-\Q.) 

[ Received for publication, July 29, 1957. ] 

With a view to lay clown a specific method of standardization of liver prepara¬ 
tions, investigations on the nature of the active principles of liver were being followed 
in this Laboratory (Dutta, 1955, and 1955fl) during the last few years. 

Attempts to prepare a whole liver preparation containing all the known 
essential active principles, but freed from all toxic as well as unwanted ingredients, 
have revealed the presence of some of the toxic substances in many preparations. 
Estimation and elimination of these unwanted substances seem to be of considerable 
significance in laying down a standard for such preparations. 

Assuming that majority of the toxic substances in whole liver preparations 
might be of protein source, primary attempt was made to estimate protein and 
proteoses correctly in such preparations {cf. Dutta, 1956 and 1956fl). Among 
the protein-degraded bodies, histamine might be in abundance and for micro¬ 
estimation of histamine a simple physico-chemical method applicable to any 
protein hydrolysate or biological fluid, has been devised (Dutta, I956i). In our 
search for other toxic substances resulting from degradation or fragmentation of 
protein molecule, we have been able to show that besides protein and proteoses, 
a basic toxic polypeptide, and three amines—histamine, tyramine and tryptamine' 
are present in whole liver preparation. Detection and estimation of these toxic 
bodies by a physico-chemical method have been described in this paper. 


* Abstract appeared in the Proc. Jnd. Set. Cong., Part HI, p. 433 (1957). 

( 289 ) 
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Materials. 

Four types of whole liver preparations were made:— 

{a) jHaw ox liver was homogenized with a ‘ Premier high speed corrugated 
colloid mills ’ and extracted with water at lOO^C, 

{b) Raw ox liver, homogenized as above, was extracted with 0-15 M sodium- 
chloride solution at room temperature (SO^’C.), 

(c) Homogenized raw ox liver, prepared as above, was extracted with 1 M 
sodium-chloride solution at room temperature (30°C.). 

(d) Raw ox liver was proteolysed with papain by a modified method of 
Davis et al. (194-3). 

All the above preparations were freed from excess protein and protesoses 
and they could be administered intramuscularly without any serious toxic mani¬ 
festations, but none of them was suitable for intravenous injection. All these 
preparations had the same total solid content (20 per cent), but while each c.c. 
of the preparations {a), {b) and (r), was equivalent to about 4 g. of raw liver tissue, 
that of preparation {d) was 2*5 g. only. 

Preparation of standards of control .—The following amines were prepared in 
pure state: 

(a) Pure histamine was prepared from ‘ histamine acid phosphate ’ (B.D.H.), 
either by refluxing with 4 per cent aqueous suspension of calcium carbonate or by 
percolating through a column of Daceditc F F (Permutit & Co., Ltd.) and the 
free. base was further purified by chromatography using a solvent mixture of 
n-butanol, isopropanol and ammonia (10:15:5) in an atmosphere of ammoniacai 
butanol on a specially acid washed Whatman No. I paper. The pure histamine 
moved with Rf. 0*5 and other fractions had Rf. 0-0 and 0-73. The latter two frac¬ 
tions had no effect on blood pressure, but like histamine they formed a complex 
noth diazotized suifanilic acid. The pure histamine was eluted with water and 
estimated on the basis of nitrogen by micro-Kjeldahl method. The Graph shows 
the relationship between the Pauly-colour (Block and Bolling, 1951) and the 
amount of the base calculated on the basis of nitrogen content of the purified 
preparation of the histamine and the crude histamine acid phosphate (B.D.H.). 

(b) Pure tyramine was prepared from tyrosine (Eastman Kodak Co., Ltd.) 
by heating with soda lime \vhen the amine with other degraded products, such as 
phenol, etc,, distilled over. The pure amine could be isolated from the distillate 
in two ways—either by adsorbing on Zeokarb 226 (Na form) and then eluting with 
1*7 N acqueous ammonia or by chromatographing on a specially acid washed 
Whatman No. I paper with a solvent mixture of n-butanol, acetic acid, and water 
(45:5:10) when the amine moved with Rf. 0*53. The latter method was found to 
be preferable. The pure tyramine, thus obtained, was then estimated on the 

basis of nitrogen. 

U) Pure tryptaminc was prepared in the same way as tyramine. The pure 
base here moved on the paper wth Rf. 0*41. It was then estimated on the basis 
of its nitrogen content. 
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Graph. 



{d) 5-Hydroxy tryptamine was prepared from a sample of ‘ enteraminc ’ 
(Picrate of 5-hydroxy tryptamine). Free and pure base was obtained when 
‘ enteramine ’ was chromatographed on Whatman No. I paper with a solvent 
mixture, used as in the case of tyramine, the base moving with Rf. 0-41, while 
the free picric acid moved with Rf. 0-68. The base was then estimated on the 
basis of nitrogen as above. 

It should be noted here that both tryptamine and 5-hydroxy tryptamine 
had the same Rf. on paper chromatography using various solvents. Thus, with 
another solvent mixture of isopropanol, pyridine and water (50:25:25)’ both 
tryptamine and 5-hydroxy tryptamine had the same Rf. (0-7) and the picric acid 
0-95. 

Experimental procedure and result. 

Whole liver preparations were slowly percolated through a column of Zcokarl 
226 (Na-form) at pH 8-0 followed by excess of double distilled water. The resin 
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was then eluted in two phases—hrst with i'7N aqueous ammonia and then after 
washing the resin with double-distilled water, again eluted with 1 N hydrochloric 
acid. The eluates were concentrated under vacuum at 45 °G, to small volumes. 
The first phase of eluate contained all the toxic amines. The second phase of 
eluate was neutralized with sodium hydroxide and dialysed against water when a 
toxic macro-molecular polypeptide remained inside the membrane. This poly¬ 
peptide was obtainable only from proteolysed whole liver preparations (Dutta, 
1956a). 

The toxic amines of whole liver preparation could also be isolated by another 
method. The charcoal (Dacro K-B) was found to adsorb these amines which could 
be eluted with a mixture of ethanol, water and hydrochloric acid (38il;l). The 
eluate was concentrated under vacuum at 45°G. and the residual hydrochloric 
acid was neutralized with sodium hydroxide and centrifuged to discard the 
precipitated polypeptides. The clear supernatent solution contained all the above 
amines. 


The above amines, as isolated by the above two methods, were free amines. 
There might be present some conjugated forms of them in the whole liver prepara¬ 
tions and in order to obtain them in free conditions electrodialysis was found to be 
suitable. About 200 c.c. of the whole liver preparation was diluted with equal 
volume of distilled water and put in the central chamber of the dialyser, and the 
other two chambers containing the platinum-gauze electrodes were filled up with 
double-distilled water (400 c.c. each). There were two parchment papers in 
between these three chambers. The whole apparatus was put in ice-bath in order 
to maintain the temperature at 5°G. to 10®C, The current was maintained at 
0*5 amp. for 16 hours. When the electrodialysis was completed the amperage 
came down to zero. The cathode chamber contained all the toxic amines, while 
the solution of the anode chamber was found to contain no such bodies. The 
residual solution in the central chamber contained only the macro-molecular 
bodies. 

A suitable method of isolation of the total toxic amines was found to be as 
follows; a whole liver solution was electrodialysed and the liquid of the cathode 
chamber was percolated through Zeokarb 226 (Na form) at pH 8’0 and the resin 
then eluted with 1-7 N aqueous ammonia. The eluate was then concentrated 
under vacuum. 


The resin eluate, containing either only the free amines or the total amines 
(free as well as those liberated from conjugated forms), was further fractionated 
on Whatman No. I paper. Histamine was characterized and estimated by the 
method of Dutta (19563). Tyraminc was isolated on paper using the same solvent 
mixture, as was used in the preparation of standard tyraminc, and chracterized by 
its Rf. value and light absorption cim'es of the coloured solution with diazotizcd 
suifanilic acid and finally by a study of the physiological properties. It was then 
estimated like histamine. But complexity arose with tryptamme and 5-hydroxy 
tiTPtamine, because both had same Rf. value and similar chemical as well as 
physiological properties. Both these substances produced pale colour with diazo- 
iizrf suifanilic add, and similar fluorescent colour wth either a mixture of 
potassium dichromatc and formaldehyde (Shepherd and W cst, 1950) or a mixli re 
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of ninhyclriuc and acetic acid (Jcpscu and Stevens, 1953) under ultraviolet liglit. 
Also, tryptaminc (or 5-hydroxy tryptaminc) could not be estimated like histamine 
or tyraminc, because the Pauly colour produced was rather too pale. So, the base 
(either tryptaminc or 5-hydro.xy tryptaminc or a mixture) isolated on the paper, 
using solvent as in the case of tyraminc, was eluted and analysed by micro-Kjcldahl 
method on the basis of nitrogen. 

The macro-molecular polypeptide obtained from the second phase of elution 
(with 1 N hydrochloric acid) was reported before (Dutta, 1956fl). The cluatc was 
neutralized with sodium hydroxide and dialysed to remove the salts and other 
materials and then concentrated to a small volume. The composition and some 
of its chemical characteristics also have been already reported (Dutta, 1956a). 
It was estimated by the method developed in this Laboratory (Dutta, 1956). 

The analytical results from the above experimental \vork are presented 
in the Table. It should be noted here that the different liver preparations, used 
in this investigation, were of the same source. The results were an average of five 
analyses. 


Table, 

The amount of free and conjugated histamine, tyraminc, tryptaminc [or its derivative) 

and the basic polypeptide. 


Liver 

prepara¬ 

tion. 

1 Histam 

RAN 

INE, /*G./g. ' 

V TISSUE. 

TYRA^ 

RAW 

UNE, ho.jo. 
TISSUE. 

Trypta 

RAW 

MINE, /*G./0. 
TISSUE. 

Polypeptide, 
mg./g. raw 
tissue. 

Free. 

Conjugated. 

Free. 1 

1 

Conjugated. 

Free. 

Conjugated. 

a 

5-8 

1-5 

12-4 

12-9 

2-2 

2-8 


b 

6-7 

1-8 

12-9 

14-5 

2-9 

1-9 

• • > 

c 

6-6 

2-2 

13-1 

14-8 

2-6 

2-2 

, 

d 

8-3 

4-6 

18-5 

12-7 

2-7 

3-1 

2-4 


Physiological properties of the toxic substances. —The effects of the isolated amines 
on the blood pressure were recorded using a cat (male, 2* 5 kg.) which was chlora- 
losed and atropinized. In Figure 1 it might be noted that the whole liver prepara¬ 
tion— a (PLj),_preparation— c (PLg) and preparation— d (prolin—a proteolysed 
liver) have similar type of effect, first lowering and then raising the pressure. The 
liver preparation—i (L 27A), preparation—c (L 27B) and preparation—(L 27G) 
were fractionated into two groups by dialysis: (z) micro-molecular fraction, and 
{ii) macro-molecular fraction. Each of the six different fractions thus obtained 
from the above three preparations were then percolated through Zeokarb 226 
(Na-form) separately. None of them was found toxic on being injected into 
white albino mice (14 g. to 16 g.). Fig. 2 showed that none of them affected the 
blood pressure also. Liver preparation—was then electrodialysed and the 
fractions in the three chambers were marked as LP(—), LP (±), and LP (-}-) 
according to the nature of the charges of the electrodes. These three fractions 
were also injected into the cat (Fig. 2), when it was noted that fraction LPf -I 
from the cathode chamber contained all the blood pressure affecting substances 
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When the liver preparation —d was treated with Zeokarb 226 (Na form), the 
ammonia eluate of the resin was found to have an effect on blood pressure similar 
to that of whole liver preparation [HjHA/L23(h) in Fig, 3], This eluate was then 
further fractionated into seven parts on paper using a solvent mixture of n-butanol, 
acetic acid and water (45:5:10) and the seven fractions were eluted with water, 
concentrated and clarified by centrifugation (fractions A, B, G, D, E, F, G). 
Histamine was found present in two fractions A and B, and its occurrence in both 
the fractions was obviously due to tailing effect. Fraction D was detected to 
contain tryptamine, although it did not record any change in blood pressure. 
Tyramine was found to be present in fraction E (Fig. 3). 

The toxic amines, as isolated in the acid-ethanol eluate of Darco-KB, 
(solution BGj), were also similarly analysed (Fig. 4) as above. Here also, hista¬ 
mine in fraction A, tryptamine in fraction G, and tyramine in fraction D, were 
detected. But tryptamine fraction (G) failed to affect the blood pressure signi¬ 
ficantly. In order to get a better concentration of tryptamine in the eluate so as 
to affect the blood pressure, the zone from several chromatograms ^vas cut out 
and eluted together, concentrated and then tested on cat (Fig. 5), where T,, and 
T^ were tryptamine, T^ and Tg were blank paper ieluate and Tg was tryptophane 
eluted from the same chromatogram. 

Fig. 1. 
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The fraction LP (—) from electrodialysis was also similarly analysed to find 
that the main blood pressure affecting bodies in the liver preparation were 
histamine, tyramine and tryptamine. 

The polypeptide, isolated from the second phase of elution with acid from 
the Zeokarb 226 (Na-form), was found to produce toxic effects on being injected 
intramuscularly or subcutaneously into guinea-pig (400 g. approx.). There 
was first an inflammation, then induration and ultimately necrosis at the zone of 
injection. The toxic effect of the fraction of this natui’e was further confirmed 
by the following experiments. Whole liver preparation was precipitated with equal 
volume of ethanol in presence of 1 per cent calcium chloride, and the harvested 
precipitate was dissolved in 1 M sodium chloride solution and dialysed against 
running tap-water for 24 hours. The undialysable fraction was a hazy colourless 
solution containing all macro-molecular bodies in double concentration. This 
fraction on being injected intramuscularly produced toxic symptoms as above. 
Half of this solution was treated with Zeokarb 226 (Natform) when it became 
non-toxic. However, the acid eluate of this resin, as purified before, produced 
similar tome symptoms. The other half of the undialysable fraction was then 
treated with chloroform in presence of sodium chloride, and thus the macro- 
molecular polypeptides were removed after being denatured. The residual solu¬ 
tion was again dialysed to remove the salts and when tested on guinea-pig, showed 
no toxic symptoms. So, it was apparent that some polypeptides, particularly of 
basic nature, should be removed from whole liver preparation. 

Finally, we can report here a significant result of our experiments. All 
the liver preparations, {a, b, c, d) were tolerable when injected into animals 
intramuscularly, but intravenous injection (same dose) was lethal. When these 
preparations were treated with Zeokarb 226 (Na-form), they could be injected 
intravenously. So, apparently the resin adsorbed some of the unwanted fractions 
from the whole liver preparation. 


Discussion. 

Four types of whole liver preparations were made and some unwanted toxic 
substances were isolated from each preparation. The liver preparations were 
electrodialysed when some of the toxic micro-molecular bodies accumulated in 
the cathode chamber, the anode chamber containing none of these toxic bodies. 
The electro-positive micro-molecular substances could be further purified by Zeo¬ 
karb 226 and then finally fractionated by paper chromatography, when they were 
characterized as histamine, tyramine, and tryptamine and then estimated by 
physico-chemical methods. Among the macro-molecular bodies the main toxic 
body ivas characterized as a polypeptide of basic nature. There may be several 
other to.xic bodies in whole liver preparations in micro-quantities wliich might not 
have been detected by the method used above. So, further investigations seem to 
be nccessaly^ 

Isolation and estimation of histamine from biological fluids have been 
recorded by many investigators. Thus, Meintire el at. (1947) estimated histamine 
in blood by a physico-chemical method, but this method was not found to work 
satisfactorily with liver preparations. Moreover, it ivas cxtrcmly difficult to 
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extract the base completely with n-butanol from the liver preparation. However, 
Ganguli and Bhattacharyce (1954) used n-butanol to extract histamine from^ the 
liver preparations. They used a resin to adsorb histamine from the preparations, 
but unfortunately this variety of resin was not found satisfactory in our hand as 
it was found to adsorb several other Pauly-positive materials also. Johnson’s 
(1955) microchcmical method also was not found to be suitable for a complex 
preparation like whole liver solution, although it might work satisfactorily in case 
of plasma. Robert and Adam (1950) and Horiuchi (1954) isolated histamine from 
biological fluid by adsorption on resin and then estimated it by biological methods. 
The resin could adsorb many other to.xic bodies and so direct biological assay of 
the cluatc might not give a correct picture on the amount of histamine present. 

The significance of the method lies in the obsen^ation that it will not be 
affected by indole and phenolic acids often present in liver extracts [cf. Armstrong 
et al.^ 1956). 

Isolation and estimation of tyramine were easily carried out as in the case 
of histamine. But in case of tryptamine (or 5-hydroxy trj'ptamine) they were 
not so simple due to some technical difficulties, as reported in the text. The ultra¬ 
violet absorption of this fraction showed a band at 269-270 mp. It seems that 
the fraction might be a mixture of tryptamine and 5-hydroxy-tryptaminc, and 
their accurate estimation would be of considerable significance. Estimation was 
done on the basis of nitrogen, so as to get an idea about the net amount of the 
nitrogenous base, in whatever form it might be present. Colorimetric estimation 
with p-dimethyl-amino-benzaldehyde or with l-nitroso-2-naphthol could not also 
differentiate tryptamine and 5-hydroxy tryptamine in the mixture. This point 
deserves further investigation. It should be noted that the above method of 
estimating histamine, tyramine and tryptamine is not being affected by the presence 
of choline which is usually present in whole liver preparation. Choline has been 
estimated by another physico-chemical method which will be subject matter for 
a future communication. 

It may be mentioned that proteolysed protein preparations are now often 
used in therapy. Naturally, isolation of toxic polypeptides as described in the 
body of the paper and a subsequent study on its nature and other characteristics 
would be of considerable interest. 

Biological method for standardizing the toxicity of liver preparations is often 
standardizing being advocated (rf. Choudhury ei ah, 1956). For preliminary 
screening work this might be helpful, but in case of actual estimation of each 
and every toxic substance that might be present, some physico-chemical method, 
as described in the body of this paper, may be of advantage. Further work is in 
progress to lay down a limit for these toxic bodies in liver preparations, specially 
meant for parenteral administration. 


bUMMARY. 


1. Physico-chemical methods have been described for isolation of free hista 
mine, tyramine, tryptamine (or 5-hydroxy-tryptamine) and a basic polvneotide 
as well as for their estimation m different types of liver preparations ^ ^ ® 
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%. These may be utilized for tlie estimation of any toxic amines present 
in conjugated form^ after their dissociation by electrodialysis and subsequent 
isolation. 

3. Certain physiological properties of the toxic bodies have been discussed 
and it has been shown that their isolation from the liver preparation is essential 
for full evaluation. 


The authors’ sincere thanks are due to Drs. A. N. Bose and U. P. Basu for 
their keen interest in this investigation. 
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COLORIMETRIC ANALYSIS OF PROTEIN BODIES. 

BY 

S. K. DUTTA. 

[From the Bengal Immunity Research Institute, Calcutta-\6.) 


[ Received for publication. May 29, 1957.] 


Advantages of the use of chloroform and cctavlon (cetyltrimetliyl ammonium 
bromide) for detection and estimation of protein and higher peptides have been 
recently reported from this Laborator)' (Dutta, 1956 and 1956fl), Since then, 
a further attempt was made to develop a simpler and finer technique using the 
characteristic ability of bromophenol blue (Sclineider and Wunderly, 1952) 
(Tetrabromophenol sulfonphthalein) to dye the protein bodies, even in presence of 
polysaccharides, polynucleotides, lipides and various inorganic salts. By this 
method, native protein or lugher polypeptides could be detected and estimated in 
presence of smaller protein degraded bodies. And also, the smaller protein 
degraded bodies could be similarly analysed in presence of native protein and 
higher polypeptides. 


Materials. 

The following materials were required for the experimental work as des¬ 
cribed below;— 

(1) Protein sources: 

{a) Normal horse serum, 

{b) Egg white solution. 

(c) Proteins of guinea-pig liver extracted with 0-9 per cent (in phosphate 
buffer, pH 7'0) sodium chloride. 

{d) Proteins of guinea-pig liver extracted with 10 per cent (pH 6*24) 
sodium chloride. 

(e) Proteins of guinea-pig liver extracted with 2 per cent sodium 
hydroxide solution, 

(2) Proteolysed goat meat solution (papain digested). 

(3) Proteolysed goat meat solution (papain and trypsin digested). 

(4) Bacto-peptone (Difeo). 

(5) Glutathione (Eastman Kodak Co.). 

( 299 ) 
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(6) Bromophenol blue (BPB), 0-5 per cent in methanol. 

(7) Aqueous calcium chloride solution (10 per cent). 

(8) Mercuric chloride. 

(9) Ghloroform-octanol mixture (9:1). 

(10) Citrate buffer (Sorensen’s), pH 6*75, containing methanol (30 per cent). 

(11) Aqueous sodium citrate solution (1 per cent). 

(12) Aqueous sodium thiosulfate solution (60 per cent). 

(13) Saturated ammonium sulfate solution. 

(14) Borax-borate buffer (Palitzsch), pH 8*5. 

Method. 

I. Detection and estimation of native protein and higher peptides. — A few drops 
of the test solution was put on a clean piece of filter paper, dried and sprayed 
with calcium-chloride solution and dried again. The paper was then sprayed with 
a bromophenol blue solution (0-05 per cent solution prepared from the stock 
solution with distilled water) and dried again. It was then washed slowly in 
water trough (pH 4*0 to 4-2) when the excess of dye, free as well as the portion 
reacted with smaller peptides, was washed off, leaving a distinctly stained spot of 
protein or higher peptides. 

This spot was eluted with the citrate buffer at 37° C. for 16 hours and 
analysed by optical absorption at 595 rafi., estimating the amount from the ratio 
Namg./c.c. 

II. Detection and estimation of lower peptides. —The test solution was freed from 
native proteins and higher peptides by treating with chloroform-octanol mixture 
and then a few drops of the test solution were put on a clean filter paper and dried 
up. The spot was sprayed with bromophenol blue (0-05 per cent solution 
prepared from stock solution with distilled water), saturated with mercuric 
chloride, dried, sprayed with ethanol and again dried. The paper was then 
washed in water when excess of dye (free) was washed out, leaving a stained spot 
for protein degraded bodies. 

For quantitative analysis the spot could be eluted with citrate buffer, as 
before, and its optical absorption at 595 m.p. was measured. 

Experimental work and result. 

A. Detection of protehis and higher peptides. —An aqueous solution of native 
proteins was prepared from each of normal horse scrum, egg white, and liver 
proteins, having the protein concentration about 100 pg. per c.c. The solution 
was adjuvated with proteoses and peptones (from Bactopeptone), smaller peptides 
(from goat meat), and polysaccharides and polynucleotides (from goat liver), 
concentration of each adjuvant being about 1 percent (w/v). The polysaccharide and 
polynucleotide were isolated according to modified method of Dutta el at. (1953). 
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It was analysed by Method (I), described above, using bromophenol blue 
with calcium chloride, when the native proteins produced distinct spots on paper. 
The dye combined with other protein degraded bodies are washed off. The 
polysaccharide and the polynucleotide did not react with dye at all. 

B. Detection of lower peptides .—Similar solutions, as above, were prepared, 
the only changes being the increase of the concentration of the native protein to 
about 1 per cent and the decrease of concentration of the smaller peptides to 
about O'OI per cent. These solutions were tested by Method (II), as described 
above, using bromophenol blue with mercuric chloride. Distinct coloured spots 
due to the smaller peptides were formed on the paper. 

Even pure glutathione could be detected by Method (II). 

A peptide, found to be consisting of five amino acids, was isolated from 
protcolysed liver solution. It could not be detected either by the chloroform- 
cetavlon method or by the bromophenol blue-calcium chloride reaction. It was, 
however, easily detected by the metliod using bromophenol blue with mercuric 
chloride. 

C. Qiiantitative estimation of protein and higher peptides as well as the lower 
peptides .—Different proteins had different capacities to bind the dye (BPB), and the 
quantitative estimation of the dye by mp. would give the amount of the 
protein or polypeptide combined with it. The free dye as well as the dye combined 
with the protein bodies had always the maximum optical absorption (E) at 595 mfi. 

Egg white was mixed with excess dye (BPB) and then dialysed to remove the 
free dyes. The dyed protein was then analysed for its protein-nitrogen content 
according to a method reported before (Dutta, 1956), and for its E 595 myu. to 
evaluate the ratio mg./c.c. /E^g^ mpi. as 2-07. But the ratio varied with various 
fractions of the same protein, as evident from the following experiment. The egg 
white solution (0-5 c.c.) was fractionated with ammonium sulphate solution at 
25, 40, 50 and 75 per cent saturation in presence of sufficient dye (BPB) and subse¬ 
quently centrifuged. Half of the supernatant solution (2 c.c.) of each fraction was 
diluted with citrate buffer (3 c.c.) and E 595 m/^. recorded (Table I, A). The 
precipitated proteins were washed with 25, 40, 50 and 75 per cent saturated 
ammonium, sulphate solution, respectively, to remove the free dyes and then each 
precipitate was dissolved in citrate buffer (5 c.c.) and diluted with water to 10 c.c. 
and their E^g^ rap-, recorded (Table I, B). The protein-nitrogen of these 
solutions was also estimated to evaluate the ratio N me /c c E mu 
(Table I, C). * 5 / 595 

Table I. 


Relation between the dye BPB with different fractions of egg white. 


Ammonium 
sulphate, satura¬ 
tion per cent. 

25 

1 ' 

40 

50 

75 

A 

0-310 

0-109 

0-091 

0*061 

B 

0-611 

0-810 

0-821 

O-fiRd. 

C 

1-210 

1-950 

1-836 

2-103 
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A similar experiment was done with normal horse serum. The serum, as 

N mff./c.c. 

a whole, was found to have the value of —p — " ■ as T10. It was then fractionated 

with sodium thio-sulphate at 24, 26, 28, 30 and 32 per cent concentration. The 
results are shown in Table II:— 


Table II. 

Relation between the dye BPB with different fractions of serum. 


Concentration of 
NaaSaOs, per cent. 

24 

26 

1 

1 

28 

30 

32 

A 

0-740 

0-479 

0-478 

0-130 

0-090 

B 

0-151 

0-417 

0-418 

0-764 

0-788 

G 

1-81 

1-46 

1-46 

1-24 

1-17 


It was thus apparent that each protein had its characteristic binding power 
for the dye (BPB). The quantitative binding power of different protein bodies 
was further verified by the following experiment:— 

Goat-meat was proteolysed with papain to contain about 50 per cent amino 
nitrogen and seitzed. This clean and sterilized protein hydrolysate (A) was 
analysed. An aliquot (0*5 c.c.) of the solution was placed on a specially acid 
(dilute hydrochloric) washed filter paper and developed according to 
Method (I). The stained zone was cut out and eluted with citrate buffer (5 c.c.) 
and analysed for its E595 m/W., and the nitrogen content (Table III, a), thus 
obtaining the values for higher polypeptides only. Then another aliquot (10 c.c.) 
was dialysed and readjusted to the original volume (10 c.c.). From this dialysed 
solution again 0-5 c.c. solution was analysed by Method (II) to get the values 
for total peptides (from the higher polypeptides to the lower tripeptides) (Table 
III, b). Then 5 c.c. of the dialysed solution was freed from higher polypeptides 
(including the proteoses) by treatment with a mixture of chloroform and octanol 
in presence of sodium chloride (0-3 g.) and then 0*5 c.c. of this fractionated solution 
was similarly analysed by Method (II) to get the values for lower peptides only 
(Table III, c). 


Table III. 

Relation between the dye {BPB) and the different fractions of protein hydrolysate 

{papain digested). 


Fraction. 

i E395 mF-. 

i 

Na mg./c.c. 

Na mg./c.c. 

E595 mF. 

a 

0-134 

0-298 

2-224 

b 

i 1-101 

2-061 

1-872 

c 

1 MIO I 

! ! 

1-518 

I -358 

b—(a-fc) 1 

0-245 

... 
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The Nj value of [(h)—(a+c)] miglit be accounted for the proteoses content in 
the protein hydrolysate. 

The same papain digested jsrotein hydrolysate was then further digested 
with trypsin and analysed just as above. The results were noted in Table IV:— 

Table IV. 


Relation between the dye (BPB) and the different fraetions of protein hydrolysate 
{papain and trypsin digested). 


Fr.iction. 


Na nig./c.c. 

N 2 mg./c.c. 

1^505 

a 

0-031 

0-063 

2-010 

b 

1-125 

1-985 

1-764 

C 

1--188 

1-826 

1-227 

b—(a+c) 

... 

0-096 

... 


Here also, the value of [(b —(a+c)] may indicate the amount of proteose in the 
protein hydrolysate. Every protein fraction thus had a quantitative relation 
loetween the dye (BPB) bound and its molecular structure, and so once that 
relation was evaluated, subsequent analyses of the optical absorption (E 595 mp) 
of the dyed protein bodies would give direct estimation of the substance. 

Estimation of protein in a nueleoprotein .—^From guinea-pig liver nucleoprotein 
was isolated using cetyl trimethyl ammonium bromide and then treated tvith 
excess ethanol to remove the surface active agent. The clear aqueous solution of 
the nucleoprotein was then analysed for its protein-nitrogen content by the 
method reported before (Dutta, loe. eit.), and also analysed according to the 

N iTisr /c c 

Method (I) described above, thus obtaining the ratio —® * as 1-782. 

^ ' ° E595 mp- 

Then, this nucleoprotein solution was gradually deproteinized in stages by treatment 
with chloroform-octanol mixture and in each stage the ratio was found to have 
the value about T782, the variation being ± 10 per cent only. Thus, it tends to 
indicate that the protein fraction of the nucleo-protein might be fairly homogeneous 
in nature. 


D. Ejfeet of pH on the optieal absorption of the dyed protein .—Equal amounts 
( 0-1 c.c.) of the nucleoprotein solution (isolated from guinea-pig liver) were put 
on pieces of filter paper and developed by bromophenol blue with calcium chloride 
as above and they were eluted with 5 c.c. of buffers, having pH from 5 to 12. 
The optical absorptions were recorded {vide Table V):— 


Table V. 

Effeet of pH on £595 mpe. 


pH: 

5 

6 

7 

® i 

9 

10 

11 

L 

E 595 m/<-. 

0-230 

0-238 

0-242 

0-249 

0-251 

0-255 

0-264 

0-285 



304 


Colorimetric Analysis of Protein Bodies. 


E. J\^ature of linkage between the protein and the dye {BPB ).—Several dyed- 
proteins were prepared and aliquots of each sample were treated as follows:— 

(i) Sodium chloride was added to the solution (1 M concentration) and 
then shaken with chloroform-octanol mixture several times until no more gel was 
formed. It was noted that dyed proteins were dissociated, the dye remaining in 
the aqueous layer, while the protein separating out as the denatured colourless gel. 

(ii) When the samples were subjected to paper ionophoresis under 220 V 
and 4mA using borax-borate buffer (pH 7-0) containing excess sodium chloride 
(I per cent), the dye was always found to dissociate from the protein and to travel 
fast towards the positve electrode, leaving the colourless protein behind. 

F. Stability oj the protein-bromophenol blue. —Dye-bound protein (egg white) 
was dialysed against running tap-water and at frequent intervals the value of the 

■ N„ mgJc.c. , . , ^ 

ratio -.p j -was determined. It was noted that the ratio remained almost 

■^595 

unchanged for 48 hours, after which its value gradually went up, indicating gradual 
dissociation. Dialysis against molar saline was, however, noted to cause a sharp 
rise in the value of the ratio. 

Eluates of the stained spots with buffers were found to be stable even for four 


days. 


Discussion. 

A common reagent used for detection and estimation of protein bodies is 
ninhydrin (Ruhemann, 1910). This reagent is very sensitive, but has got some 
drawbacks. It gives similar colour reaction from the highest polypeptide to the 
simple amino acids and so cannot practically differentiate the higher peptides from 
the lower ones, when present in the same solution. Moreover, ninhydrin reacts 
also with some free amines, such as histamine. Over and above the presence of 
inorganic salts in any test solution will hinder the detection of protein bodies by 
ninhydrin. There are several other colorimetric, precipitating, salting, and 
dehydrating methods (Hawk et al., 1954) for detecting the protein bodies, but tlie 
method as described above would help in detecting as well as estimating protein 
(or higher peptides) and lower peptides separately when present in the same 
solution in presence of other substances, such as polynucleotide and polysaccharide. 
By this colorimetric method, micro-quantities of protein and its degradation bodies 
can be separately spotted on paper and then eluted and estimated spcctrophotq- 
metrically. Presence of any other organic matters and metallic salts docs not signi¬ 
ficantly interfere with the reaction. Only a few drops (say 0-1 c.c.) of the test 
solution may be sufficient for complete analysis. 

Beside the detection and estimation, this colorimetric method may be help¬ 
ful in testing the homogeneity of a protein preparation. During fractionation of 
a protein preparation the ratio should have a constant value if the test sample be 
homogeneous, and in case of a heterogeneous preparation the ratio have variable 
values {vide Tables I to IV). 

The mechanism of reaction between the dye (BPB) and the protein bodies 
has not yet been studied. However, it was noted that both free as well as the 
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calcium salt of the dye may react with protein bodies exactly in a similar way. In 
case of calcium salt, the linking (-S0,,-0-) in the molecide of the dye may play 
its role and the phenolic hydroxyl groups may be the linking point of the dye with 
the protein bodies. 

An interesting phenomenon, obscn'cd during fractionation of egg white by 
paper ionophoresis, is that the diflerent fractions showed different shades of colour, 
the more basic component producing deeper blue colour, while the more acidic 
one showing greenish colour. The colorimetric method may indicate the 
probable nature of the protein bodies. 

The above described Method (I) detects and estimates protein and larger 
polypeptides (larger than proteoses), while Method (II) can detect and 
estimate polypeptides from proteoses downwards. By a combination of the two 
methods amount of proteoses present can be accounted for {vide Tables III and IV). 

During the above investigational work, it was noted that the protein moiety 
of the nucleoprotein of guinea-pig liver showed a fairly uniform value for the 


ratio 


during fractionation with chloroform-octanol 

lS59r, ,11^. 


mixture (9:1). 


Up-todate literatures indicate that the highly polymerized nucleic acids are usually 
heterogeneous. In such cases the homogeneity of the protein moiety may be 
unexpected. Also, the fractionation of the protein with chloroform-octanol mixture 
may not be perfect. So, this point needs further investigation. 


Summary. 

1 . The ability of protein bodies to bind bromophenol blue was used to 
develop a simple method for evaluating protein components in various preparations. 
Native protein and higher peptides were analysed by using bromophenol blue with 
calcium chloride in presence of other protein degraded bodies as well as other 
macro-molecular bodies, such as polysaccharide and polynucleotide. 

2. The lower peptides might be analysed again with mercuric chloride. 

3. A combination of the two methods would estimate the protein or larger 
peptides content as well as its lower peptide contents separately. 

4. Each protein component has its characteristic binding capacity for the 
dye and as such this colorimetric method is suitable to find out the degree of 
homogeneity of a protein preparation. 


Sincere thanks are due to Dr. U. P. Basu, D.Sc., F.N.I., for his interest in 
this investigation. 
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Introduction. 

Since postulation of Folin’s theory of protein metabolism (Folin, 1905) 
recognizing and differentiating the exogenous and endogenous types, considerable 
work has been done regarding their nature and origin. While the exogenous type 
was proved to be related to disposition of dietary proteins, controversy centred 
round the origin of the endogenous type. The endogenous protein metabolism 
was earlier supposed to represent a partial or complete disintegration of tissue proteins 
(Rubner, 1908; McCollum and Stccnbock, 1912; Steenbock and Gross, 1918; 
Osborne and Mendel, 1914; Sherman, 1920; Cathcart, 1907 and 1921), but 
subsequent evidences (reviewed by Mitehell and Hamilton, 1929; Terroine and 
Sorg-Matter, 1927 and 1928; Brody et al., 1934; Smuts, 1935; Burroughs et ah, 
1940, a, b and c; Nielsen et al., 1939,1939a) offered indications of its close association 
with disintegration of non-protein nitrogenous tissue constituents. In the present 
paper, certain metabolic evidences have been presented to show that there existed 
a precise and concordant interrelationship among nitrogen, sulphur and phosphorus 
in fasting urine and in tissue proteins and a constant interrelationship of a different 
magnitude among them in endogenous urine and in non-protein tissue constituents 
of a nitrogen-free-fed mammalian organism. The identical nature of mutual 
interrelationships of these elements existing between the original biological matter 
in a living system and its catabolic end products in corresponding set of cases sugges¬ 
ted that the endogenous nitrogen metabolism, while unrelated to the disintegration 
of tissue proteins of fasting metabolism, originated from and was associated with 
the catabolism of non-protein nitrogenous tissue constituents. These evidences 
further revealed that there was an endogenous metabolism of sulphur as well as 
that of phosphorus and the endogenous metabolism of these two elements was 
associated with and concomitant to the endogenous metabolism of nitrogen. An 
exponential equation has been developed to permit evaluation of the size of the 
non-protein nitrogen store in the body from the rate of endogenous nitrogen losses. 

( 307 ) 
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Experimental. 

The experiments were conducted on four healthy human adults, whose ages 
.varied between 18 and 28 years and body-weights between 45 and 60 kilos. The 
diet, which was constituted of 550 g. to 600 g. of sago and 150 g. to 200 g. of pure 
sugar per day with a little citrus juice, contained sufficient calories to satisfy 
energy requirements. Sago was an easily digestible starchy food free from any 
crude-fibre and sulphur and contained only 8 mg. of nitrogen and 5 mg. of 
phosphorus/100 g. of dry-stuff. Each experiment was conducted for a period of 
6 to 7 days on an uniform intake of the experimental diet, following a short period 
of low-protein diet, and the excreta, voided only on the last 2 or 3 days, were 
quantitatively collected and analysed. Daily urine, which was collected and 
preserved by toluene to which some chloroform solution of thymol was previously 
added, was analysed for total N, total S and total P. Total N was estimated by 
the Kjeldahl method, total S by the Danis modification of Bendict method and 
total P by colorimetric method of Youngburn and Youngburn and the volumetric 
uranium-acetate titration method. Completeness of collection of urine was checked 
in every case by estimation of creatinine (Folin’s method). 

Results. 

Results of daily excretion of total nitrogen and sulphur in endogenous urine 
of the experimental subjects are recorded in Table I. Elimination of phosphorus, 
where analysed, was also noted therein along with the values of N/S and N/P ratios. 
Results of urinary elimination of these elements in the famous experiments of Smith 
(1926) and Duel et al. (1928) along with the N/S and N/P ratios are also given 
in Table I. 

A highly significant positive correlation was found between nitrogen and 
sulphur eliminated in endogenous urine. The correlation coefficient between N 
and S was-)-0’79, significant at OT per cent level. The nitorgen-sulphur relation¬ 
ship has been graphically represented in the Graph, by plotting S against N and 
a regression line has been fitted in. The values of N/S plotted against the corres¬ 
ponding values of N are found to lie on and close to the straight line running 
exactly parallel to the axis (N), indicating a constancy in the relative rate of 
elimination of nitrogen and sulphur. The average value of N/S was found to be 
7-5 j.0-20. Similarly, there was a significant positive correlation between nitrogen 
and phosphorus eliminated in such endogenous urine. The correlation eoefficient 
between nitrogen and phosphorus was + 0*57. NP relationship has been 
graphically represented in the Graph. The average value of N/P ratio was found 
to be 7‘2i0'41. ^ 

Results of intake and output of calcium and phosphorus m some of the 
aforesaid experiments are also obtained and given in Table II. From the 
metabolic balance sheet, it was observed that a calcium balance was established on 
an extremely low intake (82 mg.) of food calcium when the diet was practiea y 
free from phosphorus. On the other hand, on such a loiv calcium and phosphorus 
diet the subjects were always on negative phosphorus balance and the average daily 
elim'ination of excess phosphorus over intake was of the order of 267 mg. V\ mlc 
the average elimination of fsecal calcium and faecal phosphorus was practically 
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similar, the elimination of excess phosphorus occurred by way of urine and this 
catabolic loss of excess phosphorus seemed to be unrelated to the metabolism of body 
calcium. 


Table I. 


Eliininatioii of nilrogcii, sulphur and phosphorus in endogenous human urine. 



j j 

Experi- 

r 

Age and ' 

Total N 

Total S 

Total P 

N: 




Reference. 

D.ite. 

mental 

body- \ 

per 

day 

per day 

per 

dav 

S. 

N: 

P. 



subject. ^ 

wciglit. 1 

(g 

•)• 

(s-)- 

(g 

•)■ 






1 -('.-38 

G.C.X. ' 

18 years 1 

r*' 

46 

0-17 



8 

5 






•19 kilos. 5 

! 1 

93 

0-22 



8 

7 




1 


1 

■) 1 

10 

0-13 



8 

4 




. 1 


; 

11 

50 


0 

19 



7 

8 


18-10-39 1 


19 years 

(2 

33 

0-30 

0 

47 

7 

7 

4 

9 




50 kilos. 

\2 

12 

0-28 

0 

39 

7 

5 

5 

4 • 


20-12-38 

S.X.D. 

24 years 

1 2 

71 

0-37 

0 

31 

7 

3 

8 

7 

Smitli j 



49 kilos. I 

4 2 

17 

0-32 

0 

26 

6 

7 

8 

3 

(192G) ' 



1 

1 

12 

02 

0-28 

0 

20 

7 

2 

10 

1 


5-10-39 

P.C.D. 

22 years | 

1 

94 

0-31 

0 

24 

6 

2 

8 

0 




45 kilos. 

1 

99 

0.23 

0 

20 

8 

6 

9 

9 


i 


' 

1 

62 

0-16 

0 

23 

10 

1 

7 

0 


i 13-9-10 

G.C.D. 

23 years ! 

1 

67 

0-20 



8 

3 




1 



60 kilos. 

1 

54 

0-25 



6 

1 




L 

21-4-23 

M.S. 

26 years 

2 

09 

0-29 



7 

2 






64'7 kilos. 

2 

•01 

0-29 



6 

9 







1 

•86 

0-29 



6 

4 







1 

•68 

0-23 



7 

3 







1 

•58 

0-19 



8 

3 



DcucI 


14-7-25 
to 19-7-25 

H.J.D. 

73 kilos. 

2 

•32 

0^31 

0 

26 

7 

4 

8 

9 

el at.. 


20-7-25 



2 

10 

0-29 

0 

24 

7 

2 

8 

7 

(1928) 

[ 

25-8-25 



2 

•32 

0-28 

0 

46 

8 

2 

6 

0 






2 

•22 

0-25 

0 

41 

8 

8 

5 

4 





2 

58 

0-28 

0 

33 

9 

2 

7 

8 





1 

•90 

0-26 

0 

23 

7 

3 

8 

2 





1 

•79 

0-30 

0 

22 

5 

9 

8 

1 





1 

•75 

0*28 

1 

0 

30 

6 

2 

5 

8 


7-5±0-20 7-2±0-41 


Correlation coefficient between N and S= +0-79 (significant at O’l per cent level). 

Standard error = d:0'034. 

Correlation coefficient between N and P= +0-57 (significant at 5 per cent level). 

Standard error = ±0'077. 

Discussions. 

Nitrogen-sulphur relation. —In fasting mammalian metabolism, the excretion 
of nitrogen and sulphur in urine exhibited a constant ratio of 15-2±0-5 (Table III), 
while the N:S ratio of different mammalian tissue proteins, as obtained from the 
analytical results of Masters and McCance (1939), was computed to be 15-2±IT. 
Similar values of the N:S ratio of mammalian tissue proteins were also found by 
other workers (Cathcart, 1921; Khan and Goodridge, 1926; Wilson 1925- 
Hutchinson and Morris, 1936; Cuthbertson and Munro, 1929; Bailey 1937- and 
Beach et al.,_ 1942). It was thus obvious that fasting protein metabolism’ was 
associated with the disintegration of tissue proteins and the view was generally 
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Graph. 



1-00 1'40 1-80 2*20 2'60 3-00 

Urinary nitrogen (g,). 


Table II. 

Metabolic balance-sheet of galcium and phosphorus on K and Pfree low Ca diets. 


Date, 

Subject- 

Expt, day. 

Dietary 

Urinary 

Faecal 

Balance. 

Dietary 

Urinary 

Faecal 

Balance. 




Ca, 

Ca. 

Ca. 


P. 

P. 

P. 



r 

G.G.N. 

Average 

87 

7 

46 

+34 

39 

192 

45 

—198 

1-6-3^ 


G.C.IV. 

2nd 


5 




468 

• k • 

• • k 

18-10-39'^ 



3rd 

... 

5 

... 

• • • 


387 

• ♦ • 

* • » 




Average 

82 

5 

44 

+33 

36 

427 

55 

—446 



S.N.D. 

1st 

... 

22 
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• < > 

«• • 

20-12-38- 


95 

2nd 

3rd 


18 

8 


... 

... 

... 

255 

196 

... 

... 


L 


Average 

77 

16 

58 

+3 

33 

254 

92 

—sis 


r 

P.G.D. 

1st 

• • • 

35 

_ 

• • • 


239 

• •• 

f • • 

5-10-39- 


93 

2nd 


36 




200 

... 



3rd 

.. 

38 



»* • 

221 


> • • 




Average 

82 

36 

83 

—37 

36 

222 

61 

—247 


Results are expressed in mg. on daily basis. 


It was, however, found from the present studies that in the endogenous protein 
metabolism as per definition of Folin, which proceeded when the organism was 
provided with a complete diet except nitrogen (protein or arano acids), there was 
a highly significant positive correlation bettveen urinary elimination of nitrogen 
and sulphur and the computed value of the N:S ratio was 7-5dr0'2 (Table I). 
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The difference in the N :S ratio of fasting and endogenous urine, therefore, indicated 
that the two types of metabolism were mutually different in nature and that the so 
called endogenous protein metabolism did not represent the disintegration of tissue 
proteins. On the other hand, the reconciliation of the N:S ratio of endogenous 
urine, as revealed in the present studies, with the N:S ratio of non-protein tissue 
extracts (7-04:l), as found by Mitchell, Nevans and Kendell (1922), showed that 
the endogenous nitrogen metabolism actually represented the disintegration of 
non-protein nitrogen and sulphur moity of tissues. 

Table III. 


J^ilrogcn-sulplmr ratio in fasting urine. 


Reference. 

Subject. 

Expt. period, days. 

Average N :S ratio. 


Human: 

. 

Khan and Goodridqc (1926) | 

Cctli 

6 1 

14-7 


1 Breithaupt 

5 

15-1 

Freunds (1901) 

1 Sued 

12 

14-6 

Cathwrt (1907) 

! Bcautc 

11 1 

15-5 

Halpcrn (1908) 

1 

At the end of 20 
days ] 

Last 4 days 

14-6 

Benedict (1915) 

i S.A.S. 

16-3 

J» ' 1J 

! 

1 30 

1 

15-7 

! 15-2±0-6 


Ruminant: 


Hutchinson a/. (1936) 

Cow B 

10 

15-9 

Morris ct cL (1939) 

Cow 1 

12 

(except 1st day) 

14-6 

tf H if 

Cow 2 

12 

14-9 

If if if • • • 

Goat 1 

Last day 

14-4 

a a if • • • 

Goat 2 

10 

15-1 

11 a if • • • 

Goat 3 

12 

15-3 

if f 1 ]) 

Goat 4 

12 

15-6 




15-l±0-5 


Nitrogen-phosphorus relation .—The results in Table II will show that while the 
subjects were just in calcium balance even on a low intake of calcium (82 mg. per 
day), they always exhibited a noted deficit in phosphorus balance and the average 
deficit was about 267 mg.P per day on an average intake of about 36 mg.P. 
Elimination of faecal calcium and faecal phosphorus was practically similar 
(Ga:P=l :l-08). The excess elimination of urinary phosphorus, which seemed to 
be unrelated to the metabolism of calcium, was an indication of the endogenous 
phosphorus metabolism in the system. 


It was also found that there was a significant positive correlation between 
nitrogen and phosphorus eliminations in endogenous urine and the comouted 
value of the N:P ratio was 7-2_±0;41 (Table I). The nitrogen-phospLrus 
relationship suggested further exainination as to whether tissue proteins constituted 
the materials for functiomng of the endogenous phosphorus metabolism. 
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The N;P ratio of mammalian tissue proteins was found by Stearns (1939) 
as 15'3:1. It was also established from the results of numerous researches on men 
and animals (Benedict, 1915; Gathcart, 1921; Lusk, 1931) and no ruminants 
(Aylward and Blackwood, 1936; Morris and Ray, 1939) that in fasting metabolism, 
tissue proteins were virtually the sole catabolizing material and the N:P ratio of 
fasting urine and of tissue proteins was practically identical. Under the cir¬ 
cumstances, the particular value of the N:P ratio of the endogenous urine would 
seem to be a characteristic manifestation of the endogenous phosphorus metabolism,, 
and the wide difference in the value of this ratio and the N:P ratio of fasting urine 
would suggest that the endogenous phosphorus metabolism did not originate from 
and was not associated with the catabolism of tissue proteins. 

The present studies also revealed that there was a constant mutual inter¬ 
relationship among the three nutritional elements in their endogenous metabolic 
functioning in the mammalian system such that the cellular catabolism of seven 
atoms of nitrogen of non-protein tissue constituents was concomitant to and 
associated with the cellular catabolism of one atom of sulphur and one atom of 
phosphorus from the same source. 


Chemical 7iature. —Discussion about the chemical nature of the substances 
compi'ising the non-protein nitrogen moiety of tissues would seem premature 
due to inadequacy of information. There was, however, no doubt that it was 
a complex mixture of multiple chemical compounds inasmuch as forty known 
ninhydrin-positive compounds have been detected and most of them estimated 
chromatographically from the protein-free extracts of mammalian tissues (Tallan, 
Moore and Stein, 1954), besides a large number of other phosphorus and sulphur 
containing non-protein nitrogenous substances, whose physiological properties and 
metabolic functions were already known. 


Evaluation of Jion-protein nitrogen store in the body from the rate of urinary nitrogen 
losses during nitrogen-free feeding .—^As a result of normal functioning of the life processes, 
a quantum of nitrogen used in the endogenous nitrogen metabolism is lost from the 
non-protein nitrogen store of the body. If the loss is replenished from any 
exogenous sources of nitrogen or nitrogen released from dislodgment of tissue proteins, 
the endogenous nitrogen metabolism is presumably maintained at a constant level, 
as was hitherto believed. If the loss is not replenished, the non-protein nitrogen 
store is gradullay diminished in proportion to the quantum of nitorgen successively 
lost through endogenous urine and such diminution of the store is followed by 
progressive reduction of the size of the successive quanta of nitrogen losses and of 
the overall rate of endogenous nitrogen metabolism. 


An exponential curve n—Ae was fitted where ‘n’ was the endogenous 
nitrogen output and ‘ t ’ was the date of observation during the progress of 
nitrogen-free feeding. The parameter X was negative and its value was —0-0381 
in the 1st experiment (Smith, loc.yit.) and -0*0627 in the 2nd expenment 
(Deuel et al., he. cit.); the value of A was calculated as 2*4690 and 2*7367 m the 
respective cases. The theoretical values of ' n as calculated from the curve, 
are shown in the last column of Table IV. The calculated values fairly agreed 
with the observed values, thus indicating the validity of the assumptions underlying 

the equation. 
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Calculated values of n from the equation n =Ae^‘^‘ 




Rate of eei.mination of endogenous 

Reference. 

Dale of c.xpcrimcnt. 

NITROGEN (mg. PER DAY) I 

i 


Observed. 

Expected, 

>• 

April 16(llthd.ay) 

2-37 

2-38 


17 

2-18 

2-29 


18 

2-10 

2-20 


19 

2-13 

2-12 

Smith (1926) 

20 

21 

2-16 

2-09 

2-04 

1-96 


22 

2-01 

1-89 


23 

1-86 

1-82 


24 

1-68 

1-75 


25 (20tli day) 
August 24 (24th day) 

1-58 

1-69 


2-51 

2-57 


25 

2-32 

2-41 

Deuel (1928) ^ 

Period 5. 

26 

27 

28 

2-22 

2-58 

1-90 

2-27 

2-13 

2-00 


29 

1-79 

1-88 

- 

30 (30th day) 

1-75 

1-76 


From the aforesaid equation, it was possible to have an estimate of the non¬ 
protein nitrogen store of the body. The store on the 11th day of the experiment 
(corresponding to April 16) on Smith on nitrogen-free feeding, when the effect 
of the pre-experimental protein diet was presumed to have been completely 
eliminated and the functioning of the endogenous nitrogen metabolism alone 
prevailed, was calculated as 63 g. nitrogen. The store on the 24th day of the 
experiment on Deuel corresponding to August 24 worked out to 41 g. Extrapolating 
the values of endogenous nitrogen output for the 1st day of the experiment, the size 
of the store on that day worked out to be91 g. (Smith) and 99 g. (Deuel), respectively. 
Hence, on the basis of the total nitrogen content of the adult human body as 
2‘304 per cent N (Mitchell et al., 1945; and Widdowson et al., 1951), the non¬ 
protein nitrogen store represented 6* 11 per cent and 5-89 per cent of the total body 
nitrogen of the respective subjects under normal feeding. 


Summary. 

1. Urinary elimination of total nitrogen, sulphur and phosphorus of 4 
human adults of different ages and body-weights and maintained on adequate 
quantity of nitrogen-sulphur-phosphorus-free diets was determined. Significant 
positive correlation was found between nitrogen and sulphur and between nitrogen 
and phosphorus in endogenous urine. The average value of N:S and N:P ratios 
was calculated as 7-5 ±0-20 and 7-2 ±0-41 respectively. 

_ 2. The difference between the N:S ratio of endogenous urine and of 
fasting urine (and tissue-proteins) and the reconcifiation of the former with the N:S 
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ratio of non-protein tissue constituents showed that the endogenous nitrogen 
metabolism did not represent the disintegration of tissue proteins but it was 
associated with and originated from the catabolism of non-protein nitrogenous 
tissue constituents. 

3. Similarly, the N:P ratio in endogenous urine of NP-free-fed human 
adults, under metabolic conditions giving no indication of demineralization of 
osseous tissues, suggested that the endogenous metabolism of phosphorus represented 
the catabolism not of tissue proteins but of certain non-protein nitrogenous tissue 
constituents, which were relatively richer in phosphorus than tissue proteins. 

4. The endogenous nitrogen metabolism seemed to be interrelated to the 
endogenous metabolism of sulphur and phosphorus such that the cellular catabolism 
of 7 atoms of nitrogen of non-protein tissue constituents was concomitant to the 
cellular catabolism of 1 atom of sulphur and 1 atom of phosphorus from the same 
source. 

5. An exponential equation was developed to incorporate the relation 
between the size of the non-protein nitrogen store in the body and the rate of 
urinary nitrogen losses during the course of continued nitrogen-free feeding. It 
was estimated that the non-protein nitrogen store represented about 6 per cent of 
the total nitrogen store in human adults on normal feeding. 


A part of the experimental work was done during tenure of author’s service, 
some years ago, in a scheme of research on human nutrition inquiry under the 
Indian Research Fund Association {now Indian Council of Medical Research) 
and authors’ grateful thanks are acknowledged to its authority. Thanks are 
also due to Mr. P. Roy of the State Statistical Bureau, West Bengal, for helpful 
suggestions in statistical analysis of the data. 
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One of the most gratifying features with regard to the nutritional situation 
of poor Indian communities, is the remarkable ability of the women to breast-feed 
their infants successfully over prolonged periods. In a field study of the lactation 
performance of women of different socio-economic and cultural groups in the 
Nilgiris District of South India, it has been found that inability to breast-feed for 
a minimum period of six months, which was a frequent finding among the high 
socio-economic group, was practically unknown among the poor (Gopalan, 1957). 
A longitudinal study of a group of poor Indian women revealed that lactation in 
these women was maintained at a satisfactory level well beyond the end of the first 
year (Gopalan, 1957). The composition of the breast milk of the poor mothers 
was found to correspond to that of European mothers, at least with regard to some 
of the proximate principles (Srinivasan and Ramanathan, 1954). ’ 

This satisfactory situation with regard to lactation, obtaining among the 
poor communities, must be considered a most valuable asset, to be preserved, 
protected and, if possible, augmented. Surveys of the diets of these poor mothers 
.reveal all-round inadequacy. For example, in a group of poor mothers in different 
stages of lactation-ranging from one week after delivery to two years after delivery, 
'the calorie intake'was found to range roughly between 1,400 and 2,400, the protein 
intake between 45 g. -and 60 g. daily and the milk output in 24 hours between 
12 oz. and 21 oz. (Gopalan, 1955). A satisfactory lactation performance in the 
face,, of such inadequate diet could only be achieved through tissue depletion 
'Nitrogen balance studies during lactation, in a group of poor Indian mothers 

' ( 317 ) 
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actually revealed increasing N retention with increasing protein intake (Narasinga 
Rao et aL, 1958). Under the circumstances^ the question has to be considered 
whether an increased protein intake in the dietaries of these mothers would be 
reflected in an improved output of breast milk. This question has immense 
practical implications. If protein supplementation to the mother improves her 
lactation performance and thus indirectly improves the nutrition of the infant, 
it would be easier, more practicable and rational, to achieve the nutritional im¬ 
provement of the infants in this manner in the first few months after birth than 
through direct supplementation to the infant. 

Among the poor communities, several articles of diet and some drugs are 
reputed to possess galactogogic properties. These substances are actually 
administered to the mother, immediately after delivery to promote lactation and 
are sometimes continued for sometime thereafter with a view to maintain lactation. 
Precise proof of the galactogogic properties of these substances is, however, not 
available. 

In the present investigation, the effect of protein supplementation on the 
lactation of poor mothers has been investigated. An attempt has also been made 
to study the effect of certain substances which are reputed, among these poor 
communities, to promote lactation. 


Materials and methods. 


(A) Effect of protein supplementation .—This investigation was carried out 
on the following two lines: 

1. A group of six mothers belonging to the poor socio-economic class and 
in various stages of lactation (5 to 13 months) were admitted to the hospital. 
They were maintained for ten days on a diet supplying about 2,900 calories and 
61 g. protein. In the last 3 days of this 10-day period, test-feeding of the infants 
was carried out with a view to determining the total amount of milk consumed by 
the infant in each 24 hour period. The infants were weighed in an accurate 
lever-actuated balance before and after every feed and the total amount of milk 
consumed in 24 hours calculated. Samples of the milk obtained on each of these 
3 days rvere analysed for nitrogen. For the next ten days, the mothers were 
placed on a diet supplying 99 g. of protein; but the calorie intake was maintained 
at the same level as before. In the last three days of this ten-day period, test feeding 
of the infants ivas again carried out and samples of milk analysed for nitrogen. 
For the next ten days, the protein level in the diet was raised to 114 g., keeping 
the calorie level constant. In the last 3 days of this ten-day period also, test-feeding 
of infants was again carried out and samples of milk analysed for nitrogen. 
Throughout the investigation, it was ensured that the mothers consumed only 
the diet administered to them and that completely. 

2. Thirty mothers belonging to the poor socio-economic class were divided 
into two groups of 15 each, ^vhich ^vere comparable with regard to age composi¬ 
tion, pant)' and occupational and environmental status. The mothers and their 
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infants \vcrc taken up for observation immediately after delivery. All mothers were 
allowed to live in their own homes, on their usual diets and performing their usual 
occupations. Diet surveys did not reveal any significant difiTcrenecs with regard 
to the intake of different nutrients between the members of the two groups. The 
average protein intake in the dietaries was of the order of 60 g. daily. 

Mothers of one group were given a daily supplement of 3 oz. of skim milk 
powder supplying 30 g. of protein. The milk was actually delivered at the homes 
and it was ensured that the skim milk was reconstituted and consumed by the 
mothers in the presence of the attending nurse. Mothers of the second group 
were given a placebo. All mothers were instructed to continue their usual diets; 
mothers of the skim milk supplemented group were specially advised not to 
eliminate any item of their usual food because of the supplement they were 
getting. 

Mothers and their infants were weighed on a sensitive lever-actuated balance 
once a fortnight. The investigation continued for six months after delivery during 
which period it was ensured that none of the infants received any supplements and 
that all infants were solely breast-fed. At the end of the six months, serum 
proteins, haemoglobin and scrum calcium were estimated in all the mothers. 

(B) Effect of so-called galactogognes .—The substances claimed to possess 
galactogogic properties, investigated in the present study were: (f) Garlic {Allium 
sativum), (ii) cotton seed {Gossypinm hirsulum), (in) tamarind (Tamarindus indica), 
and {iv) ‘ Leptaden ’ (an indigenous preparation consisting of 2 ingredients 
‘Jeevanti’ and ‘ Kamboji ’ claimed to possess powerful galactogogic 
properties). 

The procedure employed to investigate the effects of these substances on 
lactation was as follows: Mothers in different stages of lactation were admitted to 
hospital. Test-feeding of their infants was carried out for 72 hours continuously 
and the average output of milk in 24 hours for each mother determined. The 
mothers were then discharged. The mothers were now divided into four groups; 
mothers of each group were administered one of the four substances under 
investigation daily for periods ranging from 15 days to one month in their own 
homes. At the end of this period, they were again admitted to the hospital and 
test-feeding of their infants carried out for 72 hours continuously to assess the average 
24 hours output of milk by each mother. 


The substances were administered to the lactating mothers in the forms in 
which they were usually consumed by them for this purpose. Half an ounce of 
garlic, crushed, fried and cooked with little salt and water, sweetened and flavoured 
was administered daily to each patient of one group. Four ounces of cotton seed 
were soaked in water for about two hours, ground and the milk extracted and 
made up to 24 oz.; 4 oz. of this milk were fed daily to each subject of the second 
group. Tamarind juice was extracted by squeezing one- and-half oz. of tamarind 
m 16 oz. of water; 4 oz. of this fluid were administered daily to each patient of 
the_ third group. Three tablets of ‘ Leptaden ’ daily were administered to each 
patient oi the fourth group. 
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' Results. 

The results of the above investigations are set out in Tables I, II, III and 
the Graph:— 

Table I. 


Milk yield m 24 hours^ and protein content^ of milk at different levels of protein intake. 


Case. 

number. 

: I PERIOD (61 G. protein) : 

II period (99 G. protein) : 

III period (114 g. protein) : 

Milk 

Protein 1 

Total 

Milk 

Protein ■ 

Total j 

iiRiifHi 

1 

Total 


yield, 

c.c. 

g./lOO, 

c.c. 

protein in I 
24 hours I 
milk. 

yield, 

c.c. 

g./lOO, 

c.c. 

protein in | 
24 hours l 
milk. 

[ yield, 
c.c. 

1 


protein in 
24 hours 
milk. 

1 

502 

1-16 

5-8 

639 

0-96 

6-1 

562 

0-97 

5-4 

2 

287 

1-54 

4-4 j 

434 

1-29 

5-6 

423 

1-25 

5-3 

3 

318 j 


2-8 1 

434 

0-80 

t 3-5 

443 

0-89 

3-9 

4 

459 

1-36 1 

6-4 

456 

1-17 

1 5-3 

515 , 

MO 

5-7 

5 

430 ' 

1-26 

5-4 

536 

0-88 

4-7 

499 

1-95 

4-7 

6 

417 

1-06 ! 

4-4 

589 

1-01 

5-9 

496 

ro3 

t 5-1 

1 


*and f Figures in= table represent the average of three days measurements. 


Table II. 

Comparison of the growth of infants in the supplemented and control group. 


Group. 


Average increase of body-weight of infants in 02. every fortnight for 

SIX months: 



1 , 
i 1st 

I 

2nd 

3rd 

J 4th 

1 5th 

6th 

7th 

8th 

9th 

lOth 

Ilth 

12 th 

Total 

Milk supplemented 


14-2 




12-2 






- - 


(15 cases) 

Control 

13-6 




10-3 

8-3 

8-5 

6'5 

7-2 

5-2 

124-9 

j 

1 

(15 cases) 

11-2 . 

14-1 I 




9-9 ! 

9-0 

9-1 


6-8 

7-1 

5-8 

120-3 


^Average birth weight of the milk-supplemented group 6 lb.-l/2 oz.; of the control—6 oz. 


Table III. 


Effect of different so-called galactogogues on lactation. 


Leptaden : 

Cotton seed: 

Tamarind: 

Garlic: 

Case 

number. 

Starting 
milk yield, 
c.c. 

Milk yield 
after 7 
days, c.c. 

2 d 
.a-d 

% ‘"■S 

Case 

number. 

Starting 
milk yield, 
c.c. 

2 d 
d 

P'1- - 
-a: S ^ 

Milk yield 
after 14 
days, c.c. 

Case 

number. 

to2 
c -3 . 
= 

co-g 

2 ^ 

2 CO u 

~ IP 

Case 

number. 

St.-irting 
milk yield, 

c.c. 

Milk yield 
after 14 
days, c.c. 

1 


568-0 

540 

6 


366 


12 

506 

639 

16 

379 

458 

2 


468-6 

561 

7 

511-2 

451 

511-2 

13 

535 

511 

17 

459 

451 

3 

568-0 

459-1 

469 

8 

546-7 

394 


14 

660 

447 

18 

518 

. 600 

4 

653-0 


405 

9 

504-1 

472 

418-9 

15 

419 

511 

19 

447 

430 

5 

426-0 

454-4 

440 

10 

518-3 

437 

518-3 




■ 20 

497 

394 





11 

433-1 

391 

468-6 




21 

' 296 

327* 

... 









. 


22 

315 

440*. 


* Garlic given for 30 days. 
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Graph. 



It will be seen from Table I that an increase in protein intake from 61 g. 
to 99 g. daily resulted in an appreciable increase in the 24 hour output of breast 
milk in five of the six patients investigated. A further increase of protein intake to 
114 g. daily had no beneficial effect. It was interesting, however, that the 
increase in the output of milk following on the increase in protein intake of the 
mother from 61 g. to 99 g. daily, was attended with a diminution in the percentage 
of protein in the milk with the result that the overall increase in total protein output 
in milk in the 24 hours period was not as appreciable as the increase in the quantity 
of milk. 

Comparison of the growth of infants in the milk-supplemented and control 
groups (Table II) did not reveal any striking difference. Serum protein, 
haemoglobin and serum calcium estimations carried out in all the mothers at the 
end of 6 months did not show any significant differences. There was no significant 
difference with regard to the changes in body weight of the mothers in the two 
groups. 

It will be seen from Table III that none of the. so-called ‘ galactogogues ’ 
investigated here Had a significant effect on the output of breast milk. However 
5 of the.TO subjects investigated with garlic, reported without specific questioning’ 
a subjective feeling of breast engorgement and improved milk output. ’ 

. The investigation, incidentally, provided an opportunity to follow the growth 
__E£jfi3w»ftitccNqf a group of 30 infants from birth to the end of six months. These 
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3. None of the so-called galactogogues investigated was found to have a 
significant effect on lactation, under the conditions obtaining in the investigation. 
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During pregnancy and lactation,, considerable additional demands are 
imposed on the maternal organism and the nutritional requirements of the mother 
are greatly enhanced. There is a considerable body of epidemiological, experi¬ 
mental and clinical evidence, pointing to the increased nutritional demands of 
pregnancy and lactation. However, information about the precise nutritional 
requirements in pregnancy and lactation is lacking. 

Coming to the specific question of protein requirements in pregnancy and 
lactation, the Nutrition Advisory Committee of the Indian Council of Medical 
Research (1944) had recommended an allowance of 101 g. protein daily during 
pregnancy and 112 g. protein daily during lactation for a woman weighing about 
45 kg. There are similar recommendations from the nutritional organizations of 
other countries. It would, however, appear that these recommendations are not 
based on any exact scientific data. 

All available evidence would indicate that the nutritional requirement in 
pregnancy is not rnerely the nutritional requirement of the mother in her normal 
state plus the nutritional requirement of the .foetus. Similarly, tile nutritional 
requirement of the lactating mother is not evidently just the requirement of the 
woman in her normal state plus the amount represented by the nutrients in the 
breast milk. Presumably, there are profound'lilterations in metabolic behaviour 
during pregnancy and lactation, which have not been fully understood. The 
information available on this subject, with regard to the lactating woman is even 
scantier than that with regard to the pregnant woman. 

_( 325 .)_ 
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Nitrogen balance studies in pregnancy (Hunscher et al., 1933; Macy and 
Hunscher, 1934; Coons and Marshall, 1934; Coons et al, 1935; Hunscher et al, 
1935) have shown that women store relatively large amounts of protein, during 
pregnancy far and above the amounts needed by the foetus and accessory structures. 
There would, however, appear to be a substantial loss of nitrogen from the maternal 
orgamsm during • parturition and the postpartum period (Macy and Hunscher, 
loc. cit.). The additional loss in the breast milk has also to be reckoned with 
during lactation. The only available data on nitrogen balance studies in lactation 
are those of Macy and coworkers (Macy al, 1930; Hunscher et al, 1933; Macy 
and Hunscher, loc. cit.). These workers had carried out nitrogen balance studies in 
presumably well-nourished women during lactation at intakes of 25 g. to 27 g. N 
per day and found retention of the order of 1 *0 g. per day. 

It might be expected that the protein requirement in lactation would be 
determined by the protein intake of the mother during her normal state, during 
the entire period of her pregnancy, and her current lactation performance. To 
be able to assess the precise physiological protein requirement in lactation, it would 
be necessary to investigate normal women who have had optimal protein intake 
during their pregnancy, and with a normal lactation performance. 

In the present study, however, nitrogen balance determinations at three 
levels of protein intake have been carried out on a group of Indian women 
belonging to the poor socio-economic group. It is believed that the data collected 
here may provide information regarding the actual protein requirements of the 
women under their prevalent conditions and also provide some indirect clue regarding 
the physiological protein requirement in lactation. 

Materials and methods. 

Six apparently normal women in different stages of lactation (five to 
thirteen months) belonging to the low socio-economic group were selected for the 
study. The relevant data about these subjects including their dietary histop? are 
given in Table I. They were kept in the hospital during the entire period of 


Table I. 


Data regarding subjects investigated. 


Subject 

number. 

Age in 
years. 

Lactating 

period, 

months. 

Weight, 

t-g- 

Dietary history: 


Calories. 

Protein, g. 

Carbo¬ 
hydrate, g. 

Fat, g. 

I 

26 

6 

41-8 

... 


... 

... 

2 

30 

9 

33-6 

,,, 


... 

... 

3 

38 

6 

34-1 

2,733 

70 

548 

19 

4 

26 

6 

38-2 

2,402 

63 

474 

24 

5 

28 

5 

39-1 

2,233 

50 

473 

7 

6 

32 

13 

34-1 

2,440 

61 

482 

24 
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metabolic study which lasted 30 days, to enable striet supervision. Nitrogen 
balance study was carried out at three levels of protein intake, but the calorie 
intake Avas the same throughout. The duration of study with each of the three 
protein levels was 10 days. The first seven days of this 10-day period were allowed 
for the subjeets to stabilize on the diet of the particular period; urine and faeces 
were collected and the output of nitrogen in breast milk assessed during the last 
three days. The weights of the subjects were recorded at the beginning and at 
the end of each diet period and during the three days colleetion period. 

Diets .—Strict care was maintained over the preparation and feeding of the 
diets. The composition of the diet fed to these subjects is given in Table 11. The 
protein level of the diet in the first period was not much higher than the usual 

Table II. 

Composition of the diet of the subjects. 


Components. 

First period. 

Second period. 

Third period. 

Protein g. 

61 

99 

114 

Calorics 

2,938 

2,991 

2,999 

Fat, g. 

54 

54 

48 


protein intake of these subjects in their home diets. The articles of the diet were 
accurately weighed and cooked in the laboratory. It was ensured that the subjects 
consumed all the diets supplied to them. 

Urine. —Twenty-four hour output of urine was collected over 5 c.c. of toluene 
and analysed for total nitrogen by micro-Kjeldahl procedure. Creatinine was 
estimated in the urine by the method of Clark and Thompson (1949) as a check 
over completeness of collection. Precautions were taken to ensure complete 
collection of all urine passed in the twenty-four hours. 

Feeces .—^Fasces passed during twenty-four hours was thoroughly mixed and 
a representative sample {Ca. 50 g.) was taken and dried with a little oxalic acid 
to a constant weight in a hot-air-drier. The dried feces was powdered and nitrogen 
determined in the sample by macro-Kjeldahl procedure. Strict precautions were 
taken to ensure complete collection of feces in each twenty-four hour period. 

Milk .—In order to find out the total daily output of milk these subjects, 
test feeding of their infants was carried out during the three days collectiori 
period. A sample of milk, each day, was analysed for nitrogen by micro-Kieldahl 
method. 


Results. 


The results have been set out in Tables III and IV and the Graph. 

_ It is seen from Table III that on an intake of 61 g. of protein dailv thf» 
subjects were in the neighbourhood of nitrogen balance. However when the 
protein intake was raised to 99 g. per day considerable positive nitrogen-Llance 
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was induced in all the subjects. This positive balance was either maintained or 
slightly increased when the daily protein intake was raised to 114 g. (in one case 
there was slight fall in retention which, could be attributed to increase in faecal 
nitrogen). In all cases the faecal nitrogen was higher than usual. This could be 
attributed to relatively incomplete absorption temporarily following on the 
change-over from home diet to the experimental diet in these subjects. 


Table III. 

Nitrogen balance in mothers during their lactation on three different levels of 

protein intake. 



I PERIOD N INTAKE=9-81 

g: 

11 PERIOD N INTAKE= 15-88 Gt 

III PERIOD N INTAKE= 18-09 G’. 

Subjects. 

Ni 

trogen in g. 


Nitrogen in g. 

Nitrogen in g. 


Fascal. 

Urinary. 

Milk. 

Total 

excre¬ 

tion. 

V 

U 

C 

15 

U 

Urinary. 

Milk. 

Total 

excre¬ 

tion. 

Balance. 

Faecal. 

Urinary; 

Milk. 

Total 

excre¬ 

tion. 

Balance. 

1 

3-75 

4-56 

0-89 

9-20 

4-0-61 


7-35 

0-98 

11-95 

4-3-93 

4-29 

8-36 

0-90 

13-55 

4-4-54 

2 



0-71 

9-61 


5-41 

7-85 

0-96 

14-32 

4-1-56 

3-88 

9-32 

0-85 

14-05 

4-4-05 

3 



0-46 

9-57 

4-0-24 

2-64 

6-86 


10-09 

4-5-79 

3-79 

7-90 

0-63 

12-32 

4-5-77 

4 

2-92 

7-12 

0-96 

11-00 

—1-19 

4-73 

7-05 

0-85 

12-63 

4-3-25 

3-95 

9-18 

0-90 

14-03 

4-4-06 

5 

3-79 

4-87 

0-80 

9-46 

lESiKl!] 

3-94 

5-58 

0-75 

10-27 


4-91 

7-49 

0-76 

13-16 

4-4-93 

6 

2-89 


0-66 

8-55 

4-1-26 




11-71 

4-4-17 

2-66 




4-5-79 


(Figures represent average of three 24'hour collections). 


Table IV. 


Relationship between nitrogen retention and weight changes. 


1st period: 

j IInd period: 

IIIrd period: 

tVeight 

i N retention 

, Weight 

1 

N retention | 

Weight 

N retention 

change during 

per day, 

'change during 

per day, 

change during 

per day, 

10 days, kg. 

g- 

j 10 days, kg. 

g- 

10 days, kg. 

g- 

0 

—1-19 

1 ^ 

1-56 

0 

4-06 

4-1-36 

4-0-35 

0 

5-61 

0 

4-54 

4-1-82 

4-1-26 

4-0-46 

3-93 ; 

4-0-91 

4-05 

4-2-27 

4 -0-20 

; 4-0-91 

5-79 ' 

4-0-91 

5-77 

4-2-73 

4-0-24 

; 4-1-36 

4-17 

4-0-91 

5-79 

4-4-55 

4-0-61 

' 4-2-27 

i 1 

3-25 

i 

4-2-27 

4-93 


In the Graph, nitrogen retention has been plotted against nitrogen intake 
and nitrosfcn absorbed. There ^vas a linear relationship between nitrogen intake 
nnrl N retention (Y=0-5363X-0-1294). There was an even more striking 
relationship between N absorbed and N retained (Y=0'5805X—0-0876). In 
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Graph. 



N intake g./kg. body weight/day. N absorbed g./kg. body weight/day. 

Relationship of Pf balance to Pf intake and Pf absorbed, 

both cases the regression coefficient is significant. Wider scatter in the former 
was due to variation in the faecal nitrogen from one period to another period. 
From these graphs it would appear that 0*24 g, nitrogen per kg. body-weight per 
day would be the minimum nitrogen intake required for maintaining nitrogen 
equilibrium in these subjects. This value is higher than that reported by Phansalkar 
and Patwardhan (1956) for normal Indian adults (38-2 g. protein for an adult 
weighing 70 kg. or 0-087 g. N per kg. body-weight per day). Even if allowance 
IS made for higher fecal excretion in these subjects, and the minimum nitrogen 
absorbed required for maintenance of N equilibrium is considered, these subjects 
retprired 0-15 g. N per kg. body-weight per day as against 0-087 g. N per kg. 
body-weight per day required by the normal subjects investigated by Phansalkar 
and Patwardhan {loc. cit.). 

It can be seen from Table IV that weight changes in these subjects were no 
reflection of mtrogen retention, a feature observed repeatedly in nitrogen balance 
average mtrogen retention was minimal (0-25 g. per day) during 

Sn tfe SE gain (2-12 kg.) was maximal during thri period^ 

On the other hand, during the second and third periods, though the average 

retention of nitrogen was 4-05 g. and 4-86 g. per day respectively average wefeht 
gam was only 0-83 kg. during each period! pccuveiy, average weight 


UISGUSSION. 


The lactating women studied here were in nitmo-f^r. heU-r... • i 

of 0-24 g. per kg. body-weight per day. Thi!is much IE .h ^ 
nitrogen of 0-087 g. per kg. body-wefeht p^r dav remdrE^^ 
normal Indian adults (Phansalkar and Pat Jardgan, t S!)?® Eve^'ESng 
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into consideration that the subjects excreted fairly large amounts of nitrogen in 
faeces (3-4 g. daily compared to 1*5 g. to 2*0 g. in normals), the value for minimum 
protein for maintaining balance in these subjects was certainly raised. The present 
observation, thus, justifies the need for larger quantity of protein during lactation 
than for normal adults, a concept which has hitherto been based mainly on com¬ 
putations of nitrogen secretion in milk. Thus, the minimum protein needs during 
lactation must be considered to be above T5 g. protein per day per kg. body- 
weight, and nearly three times the minimal requirement of normal subjects. 

The subjects studied here, though apparently normal, were drawn from the 
poorest segments of the population. They had gone through their pregnancies 
^vithout any special improvement of their usual diets. It might be expected, 
therefore, that they all suffered from vailing degrees of relative tissue protein 
depletion. In interpreting the results of the metabolic studies on these subjects, 
the possible effects of the superimposition of the background of malnutrition on 
their lactation state must be considered. The work of Alhson (1949) has shown 
tliat in states of protein depletion, the minimum level of nitrogen needed to attain 
nitrogen balance is lowered. This would lead one to conclude that the minimum 
level of nitrogen required to attain nitrogen balance in the lactating subjects 
investigated here would have been even higher if their erstwhile protein nutritional 
status ^vas excellent. It would follow from this that the physiological requirement 
of protein in lactation is probably even higher than the level of T5 g. protein 
daily per kg. body-weight, arrived at in the present investigation. For example, 
Macy et al, {loc. cit.) and Hunscher et al. (1933) who carried out N balance studies 
at a level of 25 g. N per day obtained a positive balance of only about 1 g. per day. 

In the subjects investigated here, apart from elevation of the minimum 
level of nitrogen needed for the attainment of balance discussed above, it was 
found that nitrogen retention increased as the protein intake was raised. This 
latter phenomenon might not be a specific attribute of the lactation state but could 
he the result of relative tissue protein depletion of the subjects investigated here. 
In support of this maybe quoted the work of Beattie et al. (1947) and Benditt 
et al. (1948) who had shown that in undernutrition there ^vas a linear relationsliip 
beUveen nitrogen retention and nitrogen intake. In computing the actual protein 
needs of the malnourished lactating women investigated here, the protein level 
•which results in maximal nitrogen retention should be considered the optimal 
requirement. In the pi'esent study an increase of intake to 99 g. per day from 
61 g. protein per day resulted in increased retention, but when the intake was 
raised to 114 g. from 99 g,, there was no appreciable further increase in retention. 
Using this criterion, an intake of protein 100 g., or above derived from the type 
of diets Avhich have been studied per day is obviously needed by these mothers to 
meet the increased demand of lactation and to discharge their tissue protein 
deficit. 


SUMM^VRY. 

1. Nitrogen balance study was carried out at three levels of protein intake 
on six Indian women belonging to poor socio-economic group during lactation. 
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2. These subjects were in the neighbourhood of N balance on an intake of 
61 g. protein per clay. By increasing the daily protein intake to 99 g., considerable 
positive nitrogen ^s'as induced in all the subjects. Further raising the intake to 
114 g. had little additional cfTcct. 

3. Based on this data it would appear that minimum protein required 
for nitrogen balance in lactating ;voman is above 1‘5 g. per kg. per day. Consi¬ 
dering the protein requirement as that ^vllich results in maximal nitrogen retention, 
malnourished lactating women studied here require 100 g. or above of protein 
per day derived from the type of diets employed in the present investigation. 


The authors wish to tliank Dr. A. D. Taskar for statistical analysis of the 
results. 
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Introduction. 

Several investigators have demonstrated that the regeneration of plasma 
proteins (Kerr, Hurwitz and Whipple, 1918; Madden and Whipple, 1940; Allison, 
Anderson and White, 1949; Chow, Seeley, Allison and Cole, 1948) and of 
hsemoglobin (Holman, Mahoney and Whipple, 1934; Orten and Orten, 1943 
and 1945; Damodaran and Vijayaraghavan, 1943; Vijayaraghavan, 1955) in 
protein-depleted animals is largely influenced by the quality of dietary protein. 
Whipple and Robschiet-Robbins (1951) have reported that dietary proteins differ 
very much in their capacity to regenerate plasma protein and haemoglobin res¬ 
pectively as they do in their capacity to support growth or maintain nitrogen 
equilibrium. In view of this, it becomes necessary in any investigation on the 
determination of the nutritive value of proteins to determine, besides their bio¬ 
logical value for growth and maintenance, their efficiency in the regeneration 
of hsemoglobin and plasma protein. In an attempt to evolve suitable combinations 
of dietary vegetable proteins for the prevention and treatment of protein mal¬ 
nutrition, Phansalkar, Ramachandran and Patwardhan (1957) studied the protein 
efficiency ratios (P.E.R.) in albino rats of mixtures of cereal, pulse and leafy 

( 333 ) 
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vegetable proteins. They observed that the P.E.R. of the different cereal-pulse- 
vegetabie combinations was significantly higher than those of the individual 
constituents and further that it compared favourably with the P.E.R. of sMm milk. 
Phansalkar and Patwardhan (1956) had earlier observed that supplementation of 
cereals with pulses and leafy vegetables improved the biological value and egg 
replacement value of the mixed protein in adult human subjects. In view of these 
encouraging results, it was felt necessary to compare with skim milk protein the 
capacity of these mixed vegetable proteins to regenerate hgemoglobin and plasma 
proteins in protein depleted animals. The present communication is an account 
of the observations made in adult albino rats of the changes in haemoglobin and 
plasma proteins in the process of protein depletion followed by repletion. 

Experimental and results. 

Different methods have been used in the past for the production of anaemia 
and hypoproteinemia in experimental animals. Whipple and Robscheit-Robbins 
(1940) have accomplished this in dogs by periodic bleeding of the animals maintain¬ 
ed on protein-free diets. Orten and Orten [loc. cit.) have shown that haemoglobin 
level fell to 11-5 g. per cent in rats by feeding protein-free diet for a pi’olonged 
period. Aschkenasy (1957) has also produced anaemia in rats with diminished 
haemoglobin conccntratidn and erythrocyte count by feeding a protein-free diet. 
Chow, Allison, Cole and Seeley (1945) have brought about reduction in total 
circulating plasma proteins in dogs either by feeding protein-free diet only or in 
conjunction with plasmapheresis. 

According to Whipple, Miller and Robscheit-Robbins (1947), the synthesis 
of hemoglobin and plasma protein occurring at the cost of tissue protein must 
interfei'e in the evaluation of the effect of dietary protein on regeneration of these 
constituents unless the depletion of body stores of protein is first achieved. In 
vie^v of this it was considered necessary in the present experiment not merely to 
deplete the animals of their body proteins but also to determine the degree of 
protein depletion resulting from protein-free diets in order to be able to decide 
^v4len the repletion should start. It has been shown by several workers (Mctcoff, 
Favour and Stare, 1945; Allison, 1948; Allington and Taylor, 1955; Hope and 
Vcrel, 1955; Wintrobe, 1954; Hallgrcn, 1953) that the concentrations of haemoglobin 
and plasma proteins alone do not give as correct an indication of the degree of 
depletion of blood proteins as the information on the total circulating amounts of 
these constituents. Hence, blood and plasma volume estimations were made 
together wth the determination of hemoglobin and total plasma protein concentra¬ 
tion during depletion and also during repletion. 

Methods. 

Blood volume was determined according to the method of Wang and Hegsted 
(1949) using Evans blue (T 1824) dye. The animal was anaesthetized by injecting 
intraperitoneally 50 mg./kg. body weight of sodium pentothal; 0'4 c.c. to 0'5 c.c. 
of the dye solution (5 mg./c.c. in normal saline) was then injected through the 
externarjugular vein. Blood was drawn by cardiac puncture exactly after 4 
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minutes and the concentration of dye estimated according to the modification 
introduced by Clausen and Lifson (1956). Packed cell volume ^vas determined by 
the method of Hamre (1940) using micro-hjcmatocrit tubes. Hccmoglobin was 
determined by the acid htematin method after standardization of the technique. 
Total plasma proteins were estimated by the biuret method of Kingsley (1939) as 
modified by Weichselbaum (1946) using suitable blanks to eliminate the inter¬ 
ference caused by the presence of Evans blue in tlic plasma. 

A. Blood volume in normal adull rals .—Blood volume was determined in 107 
normal young adult rats 80 to 130 days old and weighing between 120 g. and 
260 g. Tire results arc illustrated in Graph \-a \vhcre the logarithms of blood 

Graph 1. 
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blood volume are plotted against those of body weight. The relationship between 
the two can be expressed by the regression equation _y=0*96A;—1-08 (r=0-72) 
where x is the logarithm of body weight andj; that of blood volume; this is indicated 
in the figure by the regression line. The relation between the two characteristics 
observed by us is not significantly different from that reported by Wang and 
Hegsted {loc. cit.) in rats (t—T48; D.F. 206). 

B. Protein depletion. —Healthy rats, from stock colony, 41 in number, of the 
average age of 120 days and with average weight 200 g. were used for the experi¬ 
ment. They were fed ad lib. a protein-free diet otherwise complete in minerals 
and vitamins. The composition of the diet was as follows: Corn starch—^90 parts, 
sesame oil—5 parts, salt mixture (McCollum and Davis, 1918)—4 parts, and 
vitamin mixture*—1 part. Vitamins A, D andE in sesame oil were fed to animals 
twice a week in adequate quantitiesf. Rats also received biotin 4 p-g. per day per 
rat twice weekly. 

Blood volume, packed cell volume, hemoglobin and plasma protein con¬ 
centration were determined on all the animals before placing them on protein-free 
diets and on batches of animals at the end of 4, 8 and 10 weeks on protein-free 
diets. Since the determination of blood volume involved a min or operative 
procedure, each rat was used only twice for such determinations during the course 
of the experiment. The results of this experiment are given in Table I. 


Table I. 

Body weight, blood vo,lume, plasma volume, hemoglobin and plasma protein 

changes on a protein-free diet. 



Initial observa¬ 
tions: 


On protein-free diet: 



(41). 

4 weeks (17). 

8 weeks (15). 

10 weeks (9). 


Average. 

S.E. 

Average. 



S.E. 

Average. 

S.E. 

Body weight g. 

201 

4-29 

170 

6-95* 

131 

4-47* 

129 

5-49* 

Blood volume, c.c. ... 

14-12 

0-46 

14-43 

0-57 

9-26 

0-43* 

9-20 

0-62* 

Plasma volume, c.c. 

8-75 

0-33 

9-84 

0-35 

6-84 

0-34* 

6-78 


P.C.V. per cent 
Htcmolgobin, g./lOOcc. 

38-3 

0-75 

31-4 

1-43* 

26-2 

1-16* 

26-0 

1-91* 

13-69 

0-14 

12-61 

0-24 

10-00 


10-37 


Plasma protein, g./ 

100 c.c. plasma ... 

4-80 

o-ii 

3-66 

0-13* 

3-40 

0-09* 

3-28 

0-16* 

Total circulating 

hsemoglobin, g. ... 

1-946 

0-08 

1-822 

0-08 

0-931 


0-964 

0-10* 

Total circulating 

plasma protein, g. 

0-416 

0-02 

0-358 

0-02 

0-232 


0-222 

0-02* 


♦Indicates that deviations from initial values were significant (P<0'01). 
Figures in parenthesis indicate number of animals. 


* Composition of vitamin mixture .—Thiamine hydrochloride 50 mg., riboflavin 100 mg., calcium panto¬ 
thenate 100 mg., pyridoxine 25 mg., niacin 100 mg., choline chloride 5 g., folic acid 10 mg., para-amino- 
bcnzoic acid 1 g., inositol 1 g., vitamin Bia 200 Pg., and sucrose 92‘6 g. 

t Dosage of vitamin A, 100 I.U., vitamin D 15 I.U., c< -tocopherol acetate 1 mg. per week per rat. 
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It will be seen from Table I that body weights decreased progressively till 
the eighth ^vcek after which further fall till the tenth week was insignificantly small. 
The blood volume and plasma volume on the other hand changed little at the end 
of first four weeks, the plasma volume showed in fact a slight rise at this period. 
The concentration of hicmoglobin had decreased slightly in four weeks and 
although the plasma protein concentration showed a considerable decrease, there 
was little change in the amounts of total circulating plasma protein because of 
the increase in plasma volume. The real depletion in the total circulating hterno- 
globin and plasma proteins became manifest at the end of 8 weeks at which period 
a marked decrease in absolute v.alucs of blood and plasma volumes also occurred. 
The average reduction in the circulating ha;moglobin and plasma proteins at 8 
weeks was 56 per cent and 48 per cent respectively; hence this stage was considered 
suitable for commencing repletion with the lest proteins. 

Reduction in the body weights of animals during the protein depletion period 
was accompanied by a corresponding fall in food intake as is illustrated in Graph 2. 
It was the lack of protein in the diet w'hich was primarily responsible for the fall in 
body svcighls, food consumption keeping pace with this fall. The total average 
calorie intake of rats during depletion varied between 31-0 and 36'5 calorics per 
100 g. body weight and was sufiicient to meet the total metabolic needs of the rats 
(Kiblcr and Brody, 1942). In view of this it is reasonable to assume that the blood 
changes described above were due to protein depletion alone and that inanition 
did not play any r6lc in bringing them about. 

Although the above experiment was primarily designed to standardize the 
conditions of depletion, the depleted animals were utilized for a prcliminaiy 
repletion experiment. It was found that a majority of the depleted animals could 
not survive the operative procedure for the determination of blood volume and the 
mortality following the operation, minor though it -was, was fairly high. Further, 
the healing of the surgically inflicted wound was considerably slow in protein 
depleted animals. 


Since jugular veins \vcrc being utilized for injection of the dye it was 
considered undesirable for reasons stated above to use the same animal on more 
than two occasions during the course of the repletion experiment. This was only 
possible if the baselines for blood volume could be established not only for normal 
rats but also for animals depleted by feeding protein-free diets for a period of eight 
weeks. A second batch of 27 rats was, therefore, placed on protein-free diet for 
eight weeks and their blood volumes were determined. A regression equation 
indicating the relationship between body weight and blood volume was worked out 
for 42 rats (from two experiments) depleted of protein for 8 weeks. In fact, it was 
found that the regression equation expressing the relation between body’weight 
and blood volume calculated for the normal adult rats was not significantlv different 
(t = M5; D.F, 145) from that for the protein-depleted rats (Graph l-b) at eight 
weeks period. Advantage was taken of this observation to modify the procedure 
followed in the subsequent experiment as will be clear from the following description. 

C. Regeneration of hemoglobin and plasma proteins .eiffht male alhinn 
rate, 120 days old with an average weight of fes g. were tLSm he took 
colony and were fed protein-free diet as described above. At the end of 8 weeks! 
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Graph 2. 



W c e I« s . 

Bodj weight and food intake of rats on protein free diets. 

htcmoglobin and plasma protein concentrations and packed cell volume were deter¬ 
mined in each animal on blood samples taken by cardiac puncture. For reasons 
gi\'cn abo\'C 5 values for blood volume in these animals tverc calculated from the 
regression equation for the protein-depleted animals. The rats were then divided 
into three groups and kept on the diets containing the following foodstuffs as sources 
of protein: 
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Diet 1—Source of protein—Skim miik (10 per cent protein). 

Diet 2— ,, ,, Wheat (6 per cent protein) +rccl gram (3 per cent 

protein)+amarantli (1 per cent protein). 

Diet 3— „ „ Bajra (6 per cent protein)-J-rccl gram (3 per cent 

protein)+amaranth (I per cent protein). 

The metliod of preparation of these diets and their composition have already 
been described by Phansalkar, Ramachandran and Patwardhan [loc. cit.). 
Animals in each group received 12 g. of the diet per day per rat %vhich provided 
49 calories and 1‘2 g. protein per day. The intake of total protein in different 
groups and of calorics was thus identical. The determinations of blood volume, 
packed cell volume, hrcmoglobin and plasma protein concentrations were made in 
batches of rats from all the three groups 3, 7 and 10 days after the commencement 
of repletion. Two more obscn'ations were made at the end of 14 and 21 days 
utilizing the same rats which ^vcrc used at 7 and 10 days period respectively. The 
results of tills experiment are given in Table II. In Graphs 3 and 4 arc given the 
smooth curves (fitted after statistical analysis), illustrating the regeneration of 
tile total circulating hemoglobin and plasma proteins, respectively, in the protein 
repletion period on all the three diets. 


Graph 3. 



Regeneralton o/htemoglobin during protein repletion. 



Table II. 

Chajiges hi body weight, blood and plasma volumes, haemoglobin and total plasma protein during protein repletion. 
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Number of 
animals. 
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Graph 4. 



Days on test diet. 

Regcntralion of lolal ptasmei firolein during prolcin repletion. 


Discussion. 

Blood volume and plasma volume changes.~lt will have been noliccd that during 
protein depletion blood volume altered little at first but showed a precipitous fall 
between 4 and 8 weeks (Table I). This trend was reversed in the same order 
during repletion. Blood volume increased by 67 to 82 per cent and plasma volume 
by 67 to 87 per cent over the depletion levels within 3 days of the start of protein 
repletion. Increases in both these values in the subsequent period up to 21 days 
were comparatively small. On the other hand, body ^veights of rats increased 
steadily on all the three diets throughout the experimental period, with the result 
that at 3 days, blood and plasma volumes in relation to body weights iv’crc higher 
than could be expected from the recorded body weights. This disparity tended 
to decrease but was not altogether eliminated even after 20 days of repletion when 
the total circulating haemoglobin and plasma proteins had returned to normal. 
Mollison (1946), Walters, Rossiter and Lehman (1947) and Denz (1947) have 
observed similar changes in malnourished human subjects during the early stages 
of protein repletion. 

Changes in li(emoglohin.~lt will be seen from Table II that hsmoglobin con¬ 
centration at the end of 21 days of repletion increased between 13-8 and 21-8 per 
cent over the depletion levels. Three days after the start of repletion hemoglobin 
concentration actually showed a fall which is attributable to a sudden rise in the 
blood volume. Total circulating haemoglobin, however, showed an increase in 
all the groups even at this period. It must be said, therefore, that at any stage 
a truer picture of regeneration is given by the total circulating hemoglobin 
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Increases in its levels at 21 days period were of the order of 100 to 109 per cent 
over the depletion levels. It is clear, therefore, that on all the three diets rats 
could double the quantity of the circulating haemoglobin indicating that the two 
vegetable protein mixtures were equally efficient for hemoglobin regeneration. The 
rate of regeneration, however, was quickest with skim milk, the peak being reached 
within ten days, that on wheat diet was reached irr 14 days and in 21 days on 
bajra diet. 

Changes in plasma protein .—^The average plasma protein concentration in¬ 
creased in 21 days on different dietaiy proteins by 22 to 38 per cent above the 
depletion levels. Expressed in the terms of the total circulating plasma protein, 
the increases were 97 to 122 per cent. The rates of plasma protein regeneration were 
different on the three experimental diets, that on skim milk being the most rapid 
and on bajra diet the slowest, as in the case of haemoglobin. This might be a 
possible explanation of the lower values of serum albumin observed by Venkata- 
chalam et at. (1956) in kwashiorkor cases treated with vegetable proteins on. the 
tenth day of treatment as compared with that obtained on treatment with skim 
milk during the same period. Since in the present experiment, the vegetable protein 
mixtures used in this investigation were found capable of restoring the plasma 
protein levels of the depleted animals to normal, it would be reasonable to assume 
that longer periods of treatment would be necessary to obtain a similar effect in 
cases of kwashiorkor which are treated with vegetable proteins. The sudden 
changes in the plasma volume observed in the early stages of repletion influence, as 
in the case of haemoglobin, the concentration of plasma proteins by masking the 
extent of the regeneration of the latter. Allison (1948) had obser\^ed similar 
changes in protein-depleted dogs during the repletion period. In his series, the 
average total circulating plasma proteins in depleted dogs were 6'4 g. which rose 
on repletion to 15-6 g. although the plasma protein concentrations at the corres¬ 
ponding periods were 5-9 and 6’1 g. per 100 c.c. plasma. 

General .—It has been stated before that body weights increased steadily. 
There were no differences in the rates of gain on the three diets. However, the 
body ^veights did not reach the initial level which obtained before depletion. 
Only about 50 per cent of the weight lost was regained during the process of 
repletion on all diets. Restriction of food intake to 12 g. per day was probably 
responsible for this. The total circulating liEemoglobin and total circulating 
plasma proteins, however, reached the predepletion levels apparently taking 
priority over body weight gain. This appears to be just the reverse process of what 
^vas observ^ed in the depiction period, viz. the fall in body weight occurred earlier 
than the fall in the total circulating haemoglobin and plasma proteins. 

Another fact ^vhich dcser^^es mention is that at all stages of regeneration and 
on all the three experimental diets, the regenerated haemoglobin formed 76 to 86 
per cent of the newly formed total circulating blood proteins, the rest being plasma 
proteins. Wliipple and Robscheit-Robbins (1951) have observed that dietary 
proteins differed in their capacity to regenerate haemoglobin and plasma proteins. 
The regeneration of the two protein moieties in their doubly depleted dogs was in 
the proportion of 2 g. haemoglobin to 1 g. plasma protein when fed casein diets. 
More plasma protein than haemoglobin was produced on diets containing egg 
proteins, egg albumin and lactalbumin. No such differences were observed in the 
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present scries of expriments. ^Vhipplc and Rolsscheit-Robbir^ (1951) fuilhci 
report that wheal gluten, soya bean flour and peanut when used as single souiccs 
of protein proved inadequate for the regeneration of blood piotcins. It is diuicull 
to compare their results with those described in the present communication on 
account of difTcrcnccs in experimental procedures. It is possible that the above 
mentioned vegetable proteins used singly were inciricicnt for the regeneration of 
blood proteins, or, as our results would suggest, the response could have been at a 
much slower rate than that obtained with casein. 

Conclusion .—can be concluded from the results discussed in the preceding 
pages that although the vegetable. protein mixtures used in_ this investigation 
promoted regenertion of haimoglobin and plasma proteins at slightly slower rates 
than skim milk they did not lack the capacity to regenerate them fully if given 
sufficient time. In view of our earlier observation (Phansalkar, Ramachandran 
and Patwardhan, loc. cii.) that these protein mixtures maintained normal hemo¬ 
globin and plasma protein concentrations in growing rats, and their capacity (now 
clearly demonstrated) to regenerate blood proteins which is not much lower than 
that of skim milk, it would be safe to assume that ccrcal-pulsc-lcafy vegetable diets 
have a place in the treatment as well as the prevention of protein malnutrition. 

Summary. 


1. The effect of depleting body stores of proteins on blood and plasma 
volumes, haemoglobin and plasma proteins was studied in adult albino rats on 
protein-free diets. 

2. The capacity of two vegetable protein mixtures—(a) bajra, red gram 
and amaranth, and (6) wheat, red gram and amaranth to regenerate blood proteins 
was determined in protein-depleted albino rats over a period of 3 weeks using skim 
milk protein as control. 

3. On protein-free diets, rats lost body weight continuously till the eighth 
week after which the fall in body weight was inconsiderable. On the other hand, 
blood and plasma volumes did not appreciably alter in the first four \vecks of 
depletion, but were considerably reduced in the subsequent four-%veck period. 
The reduction in the total circulating haemoglobin and plasma protein ^vas 56 
per cent and 48 per cent respectively after eight weeks on the protein-free diet. 

4. During repletion at 10 per cent protein intake level, blood proteins 
teiided to return to normal on all the three diets. The rate of regeneration in 
animals on the vegetable protein diets, however, was lower than on skim milk 


5. The rate of gain m body weight was almost the same on the three diets 
The animals did not regain their initial weight within three weeks of repletion’ 
although the values of total circulating haemoglobin and plasma proteins were 

be Jd -W 

associated with it. ^ malnutrition and the anaemia 
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The qualitative and quantitative occurrence of sixteen common amino acids 
in the muscle tissues of a variety of warm and cold blooded indigenous animals 
have been studied by means of papcr-chromalographic and microbiological-assay 
methods. The investigation has been pursued with the idea that the data of this 
type might demonstrate the relative values of different meats in supplying the 
' nutritionally significant constituents. Incidentally, paper-chromatographic methods, 
as used for the estimation of amino acids, have been appraised by comparing 
the observed distribution with these obtained by microbiological assay methods. 
In the choice of animals, special attention has been paid to tlie meats eaten 
by the hunter tribes of Maharashtra. No detailed report appears to be avail¬ 
able regarding the meats chosen for the study. The following animals have been 
chosen as representative’'of the respective classes to which they belong:— 


Glass. 

Scientific name. 

Local name. 

Mammal 

Hystrix lemma 

Salu 

Mammal 

Lepus nigricolis 

Sesa 

Mammal 

Bandicota indicus 

Ghoose 

Aves 

Francolinus pondicerianus 

Chittar 

Aves 

Bubulcus ibis 

Bagala 

Aves 

Fulica atra 

Pan-kombadi 

Reptile 

Varanus' monitor 

Ghorpad 

Reptile 

Lissemys punctata 

Kasav 

Amphibia 

Rana tigrina 

Beduk 

Fish 

Macrones cavasius 

Shingti 


( 345 ) 
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The analyses of amino acids from different sources have shown that meats, 
in general, contain all of the indispensable amino acids in liberal amounts and 
that the proteins of the meat are biologically complete. Beach et al. (1943) have 
observed that protein structure which makes up of voluntary muscle tissues is similar 
in animals. 

With the advent of microbiological assay methods, increased efforts have 
been devoted to the^ determination ofamino-acid composition of meats. Schweigert, 
Tamtan and Elvehjem, 1945; Greenhut, Schweigert and Elvehjem, 1946; Green- 
hut, Sirney and Elvehjem, 1948; and Greenhut, Schweigert and Elvehjem, 1946, 
have determined a number of amino acids from lamb, pork, beef, and veal. 
Leucine, isoleucine and valine contents of these averaged 7-7, 5'7 and 5*2 per 
cent, respectively. The values obtained for tryptophan and phenyl alanine were 
T3 and 3*9 per cent, respectively. The contents of methionine, arginine and 
histidine ranged between 2*2 and 3*3 per cent, 6*4 and 6*5 per cent and 3*1 and 
3*4 per cent while threonine and lysine averaged 4*3 per cent and 8 per cent, 
respectively. 

The contents of ten indespensable amino acids in fresh and cooked pork 
and lamb have been reported (Schweigert et al., 1949). A thorough micro¬ 
biological assay of 55 meat samples (beef, lamb, pork, veal and various beef organs) 
for arginine and histidine gave further proof to the concept that specific amino- 
acid content of proteins of comparable animal tissues is similar (Sirney, Greenhut 
and Elvehjem, 1950). The amino-acid content of proteins of several commercial 
fishes and their by-products have also been estimated by microbiological-assay 
methods (Ney et al., 1950; Dunn et al., 1949; Seagran et al, 1954; and Master 
and Magar, 1954). 

In the present research, most of the amino acids resulting from protein 
hydrolysis have been identified and estimated on paper chromatograms following 
the modifications of circular paper chromatography as proposed by Giri and Rao 
(1952) and Krishnamurthy and Swaminathan (1955). Paper-chromatographic 
methods have been employed to estimate, arginine, alanine, tyrosine, pheny lalanine, 
lysine, glutamic acid, threonine, aspartic acid, serine, and glycine, whereas 
microbiological assay methods have been used to determine tiyptophan, leucine, 
isoleucine, valine, methionine, lysine, histidine, phenyl alanine, arginine and 
threonine. 


Experimental methods and computation of results. 

Hydrolysis .—For paper chromatographic work, requisite amounts of dried 
and defatted muscles (containing about 32 mg. ofnitrogen) were hydrolysed, with 
20 c.c. of 6N HGl under reflux for 18 to 24 hours according to the method of 
Block (1955). At the end of the hydrolysis period, the contents of the hydrolysing 
flask "svere transferred to an evaporating dish and excess of HCl was removed. 
The hydrolysate ivas then dissolved in 25 c.c. of water and filtered. The filtrate 
was evaporated to drymess on a steam-bath and the residue \vas dissolved in 10 c.c. 
of 10 per cent acqueous isopropanol. The hydrolysate was further diluted before 

use. 
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For microbioloKU-al ass;\v of amino adds, hydrolytic procedures with 2, 
")N HCl were used as rccommeiKled by BartonAVrighI (1952) except or lyp o- 
pi,,in for ivliicl. alkalim- l.yarolysls wlllv barium hydroxic c was “cd. 

Esiimlim 0/ ni/io,?™.—Total nitrogen in the dried and defatted samples 

was determined by micro-Kjeldahl method. ^ • „ a rrVt/snvl 

Bslimations of argmme, alanine, tyrosine and phenyl 

alanine were carried oi on circular paper ell,pil.atograins by 

senarated bands and subsequent colorimetry (Gin ef al., 1952). The cstimatio 

Ofivslne, Elmaniie acid, tl.iwnine, aspaitic acid, glycine and serme were earned 

out followhig thebufTer technique as modified by Krislinaniurlhy and Swammato 

{loc. cil.). Eacli amino acid was determined in inphcaics on itso diHcrent 

MKrohiohgical Microbiological assay methods as recommended by 

Barlon-Wrighl {be. cil.) were carried out to assay tryptophan, leucine, isoleucmc, 
valine, lysine, methionine, phenyl-alanine, histidine, argimnc and threonine. 
Lactobacillus arabinostts 17 to 5 ^vns used for the assay of iiyptophan, leucine, 
isolcucinc, and valine. Lysine, plicnyl alanine and histidine and mctluonmc 
were cslimciicd using Lcucorwstoc mescnlcriodes p. 60, wliilc llirconinc and arginine 
were assayed using Streptococcus ftccalis {leclis R.). 


Results. 

In Table II arc given the percentage of amino acids. Cystine and hisUdinc 
could not be estimated on paper-chromatograms as the colorimetric readings for 
these amino acids were rather lo^v. In the ease of tyrosine, the band corresponding 
to this amino acid occurred just above the yellow band of prolinc, in butanol acetic 
acid-water system with the result that there tvas a considerable interference of 
proline with tyrosine estimations. 

All the microbiological assay results were calculated by Wood’s statistical 
method. When the logarithm of the dose levels \vas plotted against their response, 
a straight line was obtained both for standards as ^vell as for test preparations. 
For the assay of tryptophan, complete racemization was assumed and hence the 
values were doubled to correct for racemization. 

In Table I are given the moisture, nitrogen and ash contents of the edible 
muscles. 


Table I. 

Showing the percentages of moisture nitrogen and ash contents of edible muscles. 


Animal. 

Nitrogen*. 

Moisture. 

Ash. 

Hystrix 

14-60 

75-27 

0-90 

Lepus 

14-20 

72-34 

1-11 

Bandicoia 

13-68 

74-00 

1-30 

FroncoUms 

14-60 

72-65 

1-16 

Bubulcus 

14-20 

72-10 

1-21 

Fulica 

14-07 

75-60 

1-01 

Varanus 

14-07 

72-47 

1-18 

Lissanys 

13-80 

71-84 

0-98 

Rana 

14-73 

75-20 

0-87 

Macrones 

14-07 

80-34 

0-87 


* In dried and defatted muscles. 
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Table II. 


Amino-acid composition of edible muscles calculated-to 16 per cent nitrogen. 


Ammo acid. 

Hystrix. 

§ 

Bandicota, 

Francolinus 

Bubulcus. 

Fulica. 

Faranus. 

Lissemys. 

1 

e; 

I 

Arginine* ... 


5-90 

6-05 

5-75 

6-00 

5-90 

5-90 

5-95 

6-10 

5-85 

6-25 

Argininef ... 


4-82 

5-19 

4-91 

4-82 

5-31 

5-36 

4-89 

4-99 

5-24 

5-59 

Alanine* ... 


7-25 

7-45 

6-50 

6-85 

6-05 

6-00 

7-15 

7-35 

6-75 

6-85 

Tyrosine* ... 


6-05 

6-10 

5-35 

5-70 

5-SO 

6-15 

5-25 

5-75 

6-00 

6-00 

Phenyl alanine* 


5-45 

5-45 

5-35 

5-15 

5-45 

5-20 

5-25 

5-45 

5-15 

5-40 

Phenyl alaninef 


3-28 

3-45 

3-34 

3-21 

3-78 

3-82 

3-40 

3-55 

3-91 

3-82 

Lysine* 


8-25 

8-75 

9-10 

8-65 

8-55 

8-75 

9-10 

8-70 

8-90 

9-40 

Lysinef 


9-77 

10-28 

9-73 

9-99 

9-48 

9-57 

10-52 

10-33 

9-91 

10-37 

Methioninet 


3-07 

2-94 

2-80 

3-20 

3-32 

3-18 

2-71 

2-88 

3-32 

3-31 

Glutamic acid* 


13-60 

13-95 

14-45 

14-40 

14-90 

14-65 

13-95 

15-30 

13-65 

14-50 

U’hreonine* 


5-95 

6-05 

6-10 

5-50 

5-95 

3 ’85 i 

5-80 

5-80 

5-55 

6-20 

‘Ibreoninef 


3-94 

4-05 

4-02 

3-94 

4-25 

4-19 

4-04 

4-08 

4-05 

4-29 

Aspartic acid* 


7-70 

7-40 

8-65 

7-70 

8-20 

7-25 

8-35 

8-35 

8-85 

8-75 

Serine* 


4-60 

4-30 

4-95 

4-15 

4-95 

5-05 

4-30 

4-65 

4-70 

5-00 

Glycine* ... 


5-60 

5-35 

6-00 

5-90 

6-45 

5-45 

6-45 

6-45 

5-80 

6-15 

Tryptophanf 


1-04 

1-04 

1-04 

0-96 

1-04 

1-01 

l-OI 

1-02 

1-00 

1-08 

Lecucinet... 


7-43 

7-98 

7-39 

7-44 

7-64 

7-55 

7-45 

7-68 

7-76 

7-96 

Isoleucinef 


5-85 

4-99 

5-12 

4-85 

4-82 

4-81 

5-33 

5-19 

5-10 

5-20 

Valinef 


4-91 

5-16 

5-01 

4-80 

4-94 

4-98 

4-98 

4-82 

4-94 

5-68 

Histidinef ... 


2-26 

2-41 

2-24 

2-19 

2-45 

2-42 

2-39 

2-68 

2-67 

2-.38 


* Paper-chromatographic. t Microbiological assay. 


Discussion. 

In Table II are given the percentages of amino acids calculated to 16 per 
cent nitrogen, as obtained by paper-chromatographic and microbiological-assay 
methods. Comparison between the above methods both of which were employed 
for the estimation of lysine, phenyl alanine, arginine and threonine, indicate that 
the former method gave in general slightly higher values than the latter. While 
the microbiological-assay methods are supposed to give accuracy equal to that of 
any other analytical method (Giri et al., loc. cit.), the paper-chromatographic 
methods also compare favourably with microbiological methods, thus indicating 
that paper-chromatographic methods may also prove equally useful for the routine 
estimation of amino acids. 

In general, the values for different amino acids obtained by paper-chrorna- 
tographic methods also compare well with the values reported in literature for 
muscle tissues. In the case of tyrosine, however, the values obtained by this 
method were slightly higher than the corresponding values in literature, cventhough 
acid hydrolysates which are not generally recommended for tyrosine, were used. 
This is because of the fact that there was a considerable interference of prohne 
wth tyrosine estimations, since these two amino acids occurred very near each 
other on chromatograms prepared rvith butyl alcohol-acetic acid-water. 
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Comparison of values obtained by microbiological-assay methods with those 
of beef, veal, pork and lamb as obtained by Schweigert, Tamtan and Elvehjem, 
loc. cU.; Greenhut, Schweigert and Elvehjem, be. cit.\ and Greenhut, Sirncy and 
Elvehjem, be. eit., shows that while the values of tryptophan, leucine, isolcucinc, 
valine, phenyl alanine and threonine compare favourably, the values for histidine 
and arginine obtained in the present work were lower \vhcrcas lysine values were 
slightly higher. 

The difference in histidine values may be explained on the basis of carnosine 
content. Lyman, Kuiken and Hale (1947) and Lyman Kuiken (1949) have 
made a thorough investigation of similar difTcrenccs which they observed in meats 
and have attributed them to the occurrence of histidine in the muscles in the 
non-protein form of carnosine. Thus, it may mean that the animals under 
investigation may contain less carnosine in the muscle tissues, than pork, lamb or 
veal. In the same way Lisscmjs and Rana with a histidine content of about 2‘7 
per cent may have more carnosine in their muscle tissues than in the muscles of 
other animals investigated. 

A rather wide disagreement exists among the values for arginine in literature 
ranging from 3‘4 to 7-9 per cent (Greenhut, Schweigert and Elvehjem, be. eit.). 
However, arginine content of about 5 per cent as obtained in the present work is 
in good agreement with that of Hart (1901) who reported a content of 5T per 
cent for arginine in ox muscle. Similarly, the values for other amino acids arc 
also in confirmity with the values reported by Block and Bolling (1951) for animal 
muscles in general. 

Thus, from the standpoint of protein quality, as determined by amino-acid 
content, the edible muscles from indigenous animals under investigation must 
be considered to contain protein of the finest nutritive quality, equalling to that 
of bcaf, veal, pork, chicken and other common meats. 

It is also evident from Table II that the general pattern of amino-acid 
distribution of the sixteen amino acids in muscles from mammals, aves, reptiles, 
amphibia and fish appear to be similar. Similarity, of amino-acid composition 
of muscles from different animal species have also been reported (Beach et cl 
be. eit., Greenhut, Schweigert and Elvehjem be. eit., and Block and Bolling, bc,dt^ 
Findings such as these might suggest that the structure or amino-acid 
of proteins of voluntary muscles in different vertebrate animals is cssentiaJJv 
same. Such a concept is in agreement with Beach et al. ( loc. eit .) 
marked similarity of essential amino-acid composition of muscles of som^ 
species. ' ' 
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Introduction. 

Bacteriological diagnosis of cholera is not ahvays satisfactorjA Cholera 
is a self-limited disease provided the crisis of shock is managed properly, and the 
vibrios in the stool tend to diminish and disappear more or less quickly after the 
acute episode. Moreover, there may be milder cases where the specific vibrios 
may appear in stool in such small numbers as cannot be isolated by culture. This 
led us to think if serological study may be of some use in retrospective diagnosis of 
cholera, particularly from an epidemiological point of view. Search of the relevant 
literature failed to give clear-cut information on the detection of O and H agglutinins 
of Vi'hrio cholera in the sera of patients. Therefore, we had to concentrate at the 
outset on finding out such a method. 

Materials and methods. 

Fifty samples of blood sera were obtained from fifty culture positive cases of 
cholera between the fifth and the seventh day of the disease. The presence or 
absence of agglutinins against (1) Ogawa type of Vibrio cholera, (2) Bacterium coli 
(3) B. lactis aerogenes, (4) B. enteritidis, (5) Brucella melitensis, (6) Brucella abortus 
and (7) B.Jacalis alkaligenes, in the sera was checked by slide method using saline 

( 351 } 
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suspensions of twenty-four hour agar culture of those organisms as antigens. This 
was followed by Dreyer’s-tube method in which four separate antigens were used, 
viz., saline suspension of live cholera vibrio (Ogawa type) grown for twenty-four 
hours on nutrient agar slope; saline suspension of agar culture of a non-agglutina¬ 
ting vibrio having the same H antigen (but different O antigen) as Vibrio cholerce; 
formohsed (0-25 per cent) broth culture of Vibrio cholera (Ogawa); and formolized 
(0*25 per cent) broth culture of the same non-agglutinating vibrio as above. All 
the antigens were filtered through Whatman filter paper (No. 1) to remove the 
coarser clumps and were diluted to the density of about 1000x10® organisms 
per c.c. The saline suspensions were prepared fresh each day and the formolized 
broth cultures were obtained from stock preserved at 4°G. Three dilutions, viz., 
1 in 25, 1 in 83 and 1 in 250 of the sera were used with each antigen. One set 
was incubated at 37°G. in an incubator and another set was immersed in a water 
bath at 56°G. Saline controls w^ere put up for each antigen with each set. 
Readings were taken against shaded bright light after J, 1, 2 and 4 hours and also 
on the next morning (about 22 hours). 

Results. 

AU the fifty sera gave positive slide agglutination with Vibrio cholera (Ogawa) 
and none rvith any of the other six organisms tested. Regarding tube agglutina¬ 
tions wnth the four antigens used, the fifty specimens showed one of five types of 
reactions: Type I reaction was given by fourteen specimens, type 11 by six speci¬ 
mens, type in by eighteen, type IV by ten and type V by two specimens of sera. 
A representative reaction of each type is given below:— 

Type I reaction. —^When incubated at 37°G. agglutination appeared with 
living suspension of V. cholera in two hours in all the tubes except in the first one 
(zone-phenomenon), which, however, showed apperance of clumping in four hours. 
No agglutination was seen with formolized V. cholera even after twenty-two hours. 
IVitli NAG formolized suspension faint agglutination appeared in the first tube 
in four hours but in all the tubes in twenty-two hours. 

\Vlicn incubated at 56°G., evidence of clumping was seen with living suspen¬ 
sion of V. cholera not before four hours when all the tubes were positive. With 
formolized V. cholera, agglutination appeared in the first two tubes (definite in first 
tube and faint in the second tube) in two hours and in all the tubes by four hours. 
With formolized NAG suspension fine clumps were seen in two hours in the first 
tube, while tliis ivas more definite in four hours, but all the tubes showed evidence 
of clumping in twenty-two hours. These results are set out in Table I. 

Type 11 reaction.—-Ylhcxi incubated at 37°G. clumping appeared with living 
suspension of V. cholera in all the tubes in two hours and wuth formolized V. cholera 
in the first tube in two hours and rather faintly in the second tube after four hours. 
Agglutination was, however, seen in all the tubes after nventy-two houre. '“th 
formolized NAG suspension hours, agglutination was apparent after four, in the first 
tube and more faintly in the second tube, in which the reaction became definite 
after Uventy-two hours. 

men incubated at 56°G. no agglutination appeared with living suspension 
of F. cholera in any of the tubes even after four hours. With formolized V. cholera 
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agglutination appeared in all the three tubes after two hours. With formolized 
NAG suspension, faint agglutination appeared in the first tube after two hours, 
which became definite after four hours and in the second tube after twenty-two 
hours (Table II). 


Table I. 

Showing type 1 agglutination reaction of cholera sera with different antigens at 

37°C. and 
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V. cholera saline 
suspension. 


V. cholera 
formolized. 
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Table II. 

Showing type II agglutination reaction of cholera sera with different atingens 

at 37°C. and 57°C. 


Antigen. 

V, cholera saline 

1 suspension. 

V. cholera 
formolized 

1 


for 

1 

NAG 

molizcd. 



I 

I 

1 

I 

I 

I 

n 

I 

I 
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— 

’ - 


' - 
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+ 
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Type III reaction.—When incubated at 37°G. with living suspension of V 
cholercB, agglutination appeared in the first and second tubes in two hours but 
none in the third tube even after four hours. Formolized V. cholera showed faint 
agglutination in the first tube after two hours, which was definite after four hours 
up to the second tube, but no agglutination was seen in the third tube even after 
twenty-two hours. With NAG formolized suspension, no agglutination appeared 
in any of the tubes even after twenty-two hours. 
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When incubated, at 56 G. with living suspension of V. choleTtdy agglutination 
appeared in the first and second tubes in two hours but none in the third tube 
even after four hours. With formolized V, cholerce, there was agglutination in the 
first and in the second tubes in two hours but none in the third tube even after 
twenty-two hours. With NAG formolized suspension^ clumps were seen in the 
first tube in two hours but none in the second and third tubes even after 
twenty-two hours (Table III):— 


Table III. 

Showing type III agglutination reaction of cholera sera with different antigens 

at ZrC. and 56°a 


Antigen. 

V. cholera saline 
suspension. * 
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Type IV reaction. —When incubated at 37'’C. with suspension of living V. 
cholerre, agglutination appeared in the first tube only in four hours. No agglutina¬ 
tion appeared even after twenty-two hours either with formolized V. cholere or 
with formolized NAG culture. 

When incubated at 56°C. with living suspension of V. cholens, no agglutina¬ 
tion appeared in any of the tubes even after four hours. With formolized V. cholere^ 
agglutination appeared in the first two tubes in two hours and in the third tube 
after twenty-two hours. With NAG formolized suspension, agglutination appeared 
in the first tube and fine clumping in the second tube after four hours but after 
twenty-two hours definite agglutination appeared in all the three tubes (Table IV). 

Type V react ion.—When incubated at ST^G. with living suspension of V. 
cholera, faint agglutination appeared in the first tube after two hours and definite 
agglutination in the first and second tubes after four hours. IVfith formolized V, 
cholera, faint agglutination appeared in the first tube in four hours ivhich became 
definite after twenty-trvo hours but none in the second and third tube. 
formolized NAG culture, no agglutination appeared in any of the tubes even after 
tiventy-tivo hours. 

When incubated at 56X. no agglutination appeared in any of the tubes with 
V. cholera (living suspension) even after four hours. With formolized I. cholera 
agglutination was noted in the first two tubes in two hours but none in the third 
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tube even after twenty-lwo hours. \Vilh formolized NAG culture no agglutina¬ 
tion appeared in any of the tubes even after twenty-two hours (Table V):— 

Tabi.e IV. 

Showiti!’ type IV ay^glutwatinn reaction of cholera sera with different antigens 

at 37°C. and 56°C. 
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V. cholent saline j 
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Table V. 


Showing type V agglutination reaction of cholera sera with different antigens 

at SrC. and 56“C. 


Antigen. 
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I 

I 

I 

I 

I 

I 

I 

I 

I 

Temperature. 

Hours. 

— 

— 

1 ^ : 

— 

— 

— 

— 

— 

— 


j 

25 

83 

; 250 

25 

83 

250 

25 

83 

250 

1 

ri ^ 2 

f 

_ 

1 - 

— 

— 

1 - 

_ ! 

. 

_ 

37'’C. ^ 

1 4 

+ 

+ 

i — 

r 

- 1 

1 - 

— 

_ ! 

__ 

1 

[! 22 




+ 

- i 

1 - 

— 

— 

— 

j 

r'' 2 

_ 

_ 1 

_ 

+ 

+- 


_ 



56°C. -i 


4 

— 

— 

— 

+ 

+ 

— 

_ 

- 

_ 


L 

22 




+ 

+ 

— 

— 

— 

— 


All the specimens of group 3 showed evidence of agglutination to titre with 
living suspension of F. cholera, at both temperatures within half an hour, while'the 
others did not. With living NAG suspension, no agglutination was observed in 
any tube at either temperature with any serum even after twenty-two hours. 

Discussions. 

The results of the experiments may be analysed to arrive at a suitable method 
of detecting and titrating the O and H agglutinins of F. cholera in the serum of a 
person. In deciding this, it is worthwhile to remember that the patient’s serum 
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may contain both O and H agglutinins of V. ckolertc^ the antigens prepared from 
V. cholera carry both O and H agglutinogens of V. cholera and those from the non¬ 
agglutinating (NAG) vibrios used by us carry only the H agglutinogen ^and not O) 
of V. cholera. None of the Sfty samples of sera agglutinated the NAG suspension 
either at 37 G. or at 56'‘G, This suggests that when using living saline suspension 
as the antigen in the agglutination, H agglutinogen fails to combine with its corres¬ 
ponding antibody, which as we shall see later, was present in most of the sera, 
except those showing the type V reaction. Therefore, positive tube agglutina¬ 
tion with living suspension of V, cholera will indicate the presence only of O agglu¬ 
tination. Besides the clumps found in these cases were fine and granular and 
quickly sank to the bottom which is also suggestive of O agglutination. It may 
also be observed that for detecting O agglutination of V. cholera with saline suspen¬ 
sion of the organism, incubation at 37°G. is more dependable than at 56°G. 
Although agglutination to titre was seen within half-an-hour at both these tempera¬ 
tures in the reaction of type III, it did not appear even in four hours at 56°G. in 
those of types II, IV and V. In type I reaction such O agglutination did not 
appear at 56°C. before four hours, although at 37°G. it was seen in two hours. 
The occurrence of zone phenomenon in the reaction of type I deserves notice. 
Regarding the minimum times after which reading should be taken for O agglutina¬ 
tion, the maximum positive titre could be obtained within half hour in reaction of 
type III, but there were others (type IV) where no agglutination was observed 
before four hours. Overnight readings with living suspensions is rendered difficult 
by development of turbidity due to growth of secondary organisms. Therefore, O 
agglutination should be read after four hours’ incubation at 37°G. with saline 
suspension of living cholera vibrios. 

H~agglutination. —^Non-agglutinating vibrio with same H antigen as V. cholera 
in the form of formalized broth culture, was agglutinated by all the sera of the 
cholera patients at 56°G., except by those sho'iving type V reaction. 


That this agglutination was not caused by O antigen of the non-agglutina¬ 
ting vibrio is indicated by absence of any agglutination wth the live suspensions 
of the organisms either at 37°G. or at 56''C. Moreover, the clumps were more 
loose and took longer time to settle. At 56°G., H agglutination was positive in 
all types of cases except in type V, while at 37°G. it was positive only in types I 
and II. Therefore, incubation at 56°G. appears to be more suitable for H 
agglutination. 


H agglutination appeared in some cases as early as two hours but a higher 
titre could be read after twenty-two hours than after four hours in types I, II and, 
IV. Thus, overnight incubation at 56°C. with formolized broth culture of a non¬ 
agglutinating \abrio cariydng the same H antigen as V. cholera, appears to be the 
best procedure for the detection and titration of H antibody of I. chdera in the 
patient’s scrum. V. cholera in the form of formolized broth culture failed to be 
. agglutinated by the sera at 37°G. as in type I and in the other 
of formolized antigen was slotrer m appearance and was of a loucr titre tlian i it 
a saline live suspension. This indicates that the presence of formalin, more or 
less completely inhibits O aggludnation. 

and more frequent with formolized antigen at d6 C. than at 3/ G. b 
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seen above, agglutination at 56°C. speaks more in favour of H agglutination than 
of O agglutination. Therefore, detection and titration of O-antibody with formo- 
lized broth culture of V. choleric cannot be recommended. 

In type V sera, formolized antigen of V. choleric was agglutinated at 56°G., 
while that of the non-agglutinating vibrio was not; and in types 11 and III, the 
former was agglutinated to a higher litre than, the latter. This may apparently 
suggest that the former is a better antigen for the detection of H antibody but the 
possibility remains that this better agglutination with the formolized broth culture 
of V. choleric is due to the O antigen it carries, particularly because of the fact that 
the saline suspension at 37"C. was agglutinated to the same titre (types 11, III 
and V). 

Thus, the use of formolized suspension of V. choleric for detection of cither 
O or H agglutinins in cholera cannot but be deprecated. 


Numerous papers have been published on the subject of specific agglutinins 
in the scrum of cholera patients and of contacts, of inoculated persons and of 
healthy carriers (Pollitzcr and Burrows, 1955). Live or killed suspensions have 
been employed as antigen by some workers, while a formolized broth culture has 
been used by others and the results have often been most contradictory. lonesco- 
Mihaicsti and Cinca (1919) were the first to point out that satisfactory and 
comparable results can be hoped for, only when live cholera vibrios and not killed 
ones are used as antigens. Gallut and Brounst (1949) deprecated the use of 
formolized V. choleric in detecting antibody and recommended those of live 
suspensions. Yacob and Chaudhri (1945) eliminated some of these possible 
discrepancies by using live suspen ions, but they employed a temperature of 56°C. 
for two hours. It may be seen from our result that this tern- erature is not suitable 
with many cholera sera. Gardner and Venkatraman (1935) appreciated the use 
of low temperature (37°C.) and short period of incubation (two hours) in agglutina¬ 
tion reaction of cholera vibrios, but neither they nor the previous authors went into 
the best technique for finding out O and H agglutinins of V. cholera in the patient’s 
serum. Pasricha et al. (1939) used formolized and living suspension of F. choleric 


as antigens in studying H and O agglutinins in patient’s serum, possibly in the 
light of Gardner and Venkatraman’s {,oc. cit.) use of the same antigens in raising 
the corresponding antisera in animals. However, Linton and Seal (1935) showed 
that boiled suspensions as antigens give much lower titre than living ones. Besides 
boiling may release non-specific antigen of White (1934, 1935). At the same 
time, it will be observed from our results that formaUn does not necessarily com¬ 
pletely inhibit O agglutination of V. choleric, so that agglutination with formolized 
suspension of V. choleric cannot be read as pure H agglutination. The only defect 
that may possibly accompany the method recommended by us from this study is 
that the agglutination observed with these antigens may be due to para-agglutinins 
and co-agglutinins from E. coli, B. alkaligenesfiecalis. Brucella, etc. It is wiser to 
eliminate this possibility by checking slide agglutination of these organisms with 
the sera. This has been done in our cases and has uniformly been negative It 
may, however, be noted that the so-called non-specific agglutination of V choleric 
and other enterobacteria have mostly been studied in sera of immunized animals 
or man and not after natural infection where the possible existence of such Mit- 
agglutination of Sierakowski (1920) is yet to be proved. 
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Conclusions and summary. 

Fifty samples of sera from bacteriologically positive cases of cholera on the 
fifth to the seventh day of disease have been studied wth a vie’w to find out the best 
techmque for detecting O and H agglutinins of V. cholere in them. Saline sus¬ 
pensions of twenty-four hour agar culture of V. cholere and of non-agglutinating 
vibrio possessing the same H antigen of V. cholere and formolized broth cultures 
of the same, have been used as antigens in tube-dilution method, the effect of both 
temperatures, viz., and 56°G., have been studied and readings taken serially 

up to twenty-two hours. It is concluded that four hours’ incubation at 37°G. 
with live suspension of V. cholere and overnight exposure at 56°G. with formolized 
broth culture of a non-agglutinating vibrio bearing the same H antigen as the 
former, offer the best methods for detecting and titrating O and H antibody of 
V. cholere, respectively. 
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EXPERIMENTAL STUDIES ON LIVER INJURY IN xVIALARIA. 

Part I. 

PATHOGENESIS. 

BY 

A. P. RAY, M.B., B,S., ph.D, 

Deputy Director, Malaria Institute of India, Delhi. 

[Received for pubiication, September 25, 1957.] 

In the past, observations on the pathological processes in malaria had been 
focussed on changes in the rcticulo-cndothelial system, particularly in the spleen 
and the liver. Evidence of parenchyma cell damage was also available from a 
few autopsy reports on fatal P. falciparum cases and the liver injuries observed 
varied from ‘ cloudy swelling ’ and fatty changes to necrosis (Dudgeon and Clarke, 
1917; Gaskcll and Miller, 1920; Klotz, 1929; De, 1938; Kean and Smith, 1944; 
Maegraith, 1948). Since systematic investigations on human subjects were not 
possible, most workers had undertaken studies in M. mulatla mulatta (commonly 
known as rhesus monkeys), experimentally inoculated with P, knowlesi, as the 
behaviouristic pattern of the simian plasmodium has much in common with that 
of P. falciparum. These workers had reported that, besides changes in the cells 
of the reticulo-endothelial cells, fatty changes and necrosis of the parenchyma cells 
of the liver were invariably present, particularly at the terminal stage of the infec¬ 
tion. Further, while the fatty changes appeared to be of diffuse nature, necrotic 
processes involved the cells round the central hepatic veins (Taliaferro and Mulligan, 
1937; Rigdon and Stratman-Thomas, 1942; Knisely et al., 1947; Maegraith, 
lac. cit.\^ Ray, 1954; 1955; 1957). It had also been demonstrated that the 
pathological processes were mild to begin with but became severe, rather abruptly 
towards the terminal phase of infection, thus indicating some correlation between 
liver lesions and intensity of infection. Earlier lesions were shown to be swelling 
with granularity and fatty changes. Subsequently, as the infection progressed, 
and by the time the parasitic density reached 70 per cent or over, centrilobular 
necrosis became a dominant feature (Ray, 1954). The necrotic changes appeared 
to be strictly localized at first around the central hepatic veins but latdr extended 
. mpidly up to or beyond the midzonal regions. In acute P. knowlesi malarial 
infections, these changes seemed to be the most striking features in the liver 

( 359 ) 
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pathology. Other but less conspicuous lesions were the fatty changes which 
early and seemed to persist throughout. Invariably, changes appeared 
to be of diffuse nature but in advanced stages they appeared to be more demonstr¬ 
able near the periportal region (Ray, 1955; 1957a). It had also been observed 
that these lesions in I. knowksi infection appeared irrespective of the dietary 
conditions of the host (Ray, 1955). ^ 

It has been the general belief that pathological processes, such as swelling 
with increased granularity, fatty changes and necrosis, were only consequential 
stages of the ‘degenerative changes’ caused by the same stimuli. Etiological 
factors for initiating such lesions were considered by Maegraith (/aa. ciL), to he 
‘stagnant anoxia ’ (due to retardation of venous outflow on account of the’action 
of a sphincter-like mechanism) as well as a possible ‘ toxin ’ of plasmodial origin. 

In this context, a recent report on the effect of transfusion and/or choline 
on the liver, would appear to be of interest. It was demonstrated by Ray (1954a) 
that transfusion of whole blood or washed erythrocytes from normal monkeys 
prevented necrosis of the liver parenchyma in M. mulalta mulatta infected with 
P. knowlesi, irrespective of the degree of parasitasmia. But fatty changes were 
still to be observed. Inoculation of plasma from normal monkeys failed to prevent 
either necrotic or the fatty changes. On the other hand, it was noted that 
administration of choline in suitable doses minimized the fatty changes to a very 
great extent although it failed to prevent necrosis. But when choline was adminis¬ 
tered along with transfusion of whole blood or even washed cells, both the major 
pathological processes could be prevented altogether. 

If one were to consider that both the lesions were the different stages of the 
same pathological process and that necrosis followed after fatty changes had 
developed, it would be logical to assume that when the necessary stimuli responsi¬ 
ble for bringing about such changes were removed or intercepted, fatty changes 
would be the first to be prev'-ented. But the experimental evidence did not bear 
this point out, and as such, the inevitable question arose whether fatty changes 
and necrosis were not caused by different stimuli. In view of this, Ray (1955) 
had argued that perhaps anoxtemia was in someway responsible for the ccntrilo- 
bular necrosis, as this could be prevented by combating anoxccmia with transfu¬ 
sion. As to the development of fatty changes in the liver, it was likely that some 
other factor or factors might be involved, and one of these could well be of the 
nature of a ‘ toxin ’ of parasitic origin, about which repeated references had been 
made by Maegraith (toe. cit.). 

The toxin could be of the nature of a foreign protein, such as the parasitic 
body itself or the metabolites of active plasmodium.^ The present studies were 
undertaken to determine the effect of inoculation of killed plasmodia on the liver 
of normal and antcmic (by bleeding) monkeys. Paripasu the role of plasma, from 
hea\nly infected monkey on the liver parenchyma of normal apd anemic monkeys, 
was also explored. A preliminar)' note on this aspect w’as published earlier , 

1957a) and Part I of the present communication records the findings of the 
detailed observations. Results of observations on the pathogenesis of centrilobular 
necrosis have been recorded in Part II. 
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J^ost .—^yVltogcthcr 18 tuberculin negative M. mulalla mulatta, weighing between 
6 lb. and 10 lb., were utilized for these investigations. Four, weighing between 
6 lb. and 7 lb., were used in the first series and 14, weighing between 8'5 lb. and 
10 lb., in the subsequent one. Routine ‘ check up ’ was carried out in respect of 
all animals to eliminate any natural infection. Ha:moglo.^in estimation was carried 
out initially and subsequently after they had been on standard diet for 3 to 4 
weeks. 

£)/(./.—From the time the monkeys were procured and throughout the course 
of investigations the animals ^verc fed on the standard diet provided to the 
monkeys maintained at the Malaria Institute of India. Details of such diet have 
been indicated jn the Appendix. 

Parasite .—A virulent strain (Mtri) of P. knowlesi (Jas\vant Singh, Ray and 
Nair, 1953) was used for these studies. For inoculation of killed parasites, hepari¬ 
nized blood was drawi from heavily infected monkeys and kept at room tempera¬ 
ture for several hours. Just prior to inoculation parasite count was determined. 
The route chosen was intravenous through the dorsal leg vein and in some cases 
through the superior mcsentric vein as well. For this, laparotomy was done in the 
usual manner. 

Viability test .—Side by side, viability tests were carried out to ensure that 
the parasites were actually dead. For this, normal monkeys were inoculated 
intravenously with the killed parasites and blood examination carried out daily. 
Further, blood from experimental animals was sub-inoculated to normal animals 
for evidence of development of infection subsequently. 

Parasite count was determined with the help of an Ehrlich’s eye piece 
adjusted to count hundred erythrocytes per field of thin film. One hundred such 
fields were examined and parasites were counted against 10,000 erythrocytes. 
At least 50 field of thick blood films were examined before entering a ncgati^•e 
report. 

Stains and staining. —J.S.B. stain (Jaswant Singh and Bhattacharji, 194^': 
was used for staining thick and thin films in the same slide. 

Plasma from infected animals .—^Plasma was obtained by centrifugatior' 
an International refrigerated centrifuge, U.S.A.) of heparinized blood 
from monkeys heavily infected with P. knowlesi. As a rule, the plasma ln>r -4^ 
tained was centr fuged again for 2 to 3 times so as to exclude parasites or I! 
tized cells. A dose of 20 c.c. of plasma, mixed, with 10 c.c. of physioIo;do 5 r 
was inoculated intravenously through the dorsal leg vein every 3 to 4 

Biopsy .—Liver biopsy was made after laparotomy for which o- 

was given under kemithal anesthesia. ‘ Geloam ’ was used as a v - 

tissues removed were treated in the usual way and paraffin sections v— 
with Ehrlich’s hemotoxylin and eosin. For frozen sections a 
III and IV or Sudan black was used. • 
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Experimental results. 


Investigation series I: 

General. As indicated earlier, 4 monkeys were used for these studies. Two 
of them showed a mean hccmoglobin level of 10-2 g. per 100 c.c. of blood. The 
two other, normal monkeys were, made anaemic by repeated bleeding for 5 days till 
the mean haemoglobin level reached 5‘3 g. against the initial reading of 9*7 g. 

All.the four animals were then inoculated with killed parasites (P. knowlesi). 
The dose (single) of inoculum for one normal and one ahsmic monkey (group I) 
was calculated to be 4320 X 10® parasitized cells and parasites (a few of the parasites 
were found to be extracellular) for each of the animals. The route chosen was 
intravenous through the dorsal leg vein. The other two monkeys (group 11, one 
normal and one ansemic) received each a single dose of 8x10*° parasitized cells 
and parasites through the dorsal leg veins as well as through the superior mesentric 
vein. As the parasitic infection in the donors chosen was extremely heavy (78 per 
cent) the volume of blood was not unduly large. 

In all cases sub-inoculation tests showed negative results, indicating that the 
parasites inoculated were actually dead. 

Biopsy materials were removed from group I, 3 days after inoculation of 
dead parasites, while in the other the same was done 5 days after the injection. 


Histology. 

■ The lobular architecture was normal in all the 4 monkeys. There was no 
swelling, fatty changes or necrosis of the parenchyma cells in any of the liver sections. 
The central hepatic veins were normal, so also the portal veins. 

However, the sinusoids were found to be dilated in all cases and contained 
swollen Kupffer cells which were laden with large quantities of yellowish brown or 
dark brown pigments in granules or in clumps. Besides, cell debris could 
also be detected in some. The sinusoids also contained large quantities of pigments; 
normal er)Throcytes and a fe^v, what seemed to be, disintegrating parasites. 
The * packing ’ was, however, in no case as severe as seen in the liver sections 
obtained from monkeys ivith severe P. knowlesi infection, as described earlier by 
Ray (1957). ^ 

' "Investigation series II. —^The studies were undertaken in 12 normal and 2 
ak^mic (made so by repeated bleeding) monkeys. Out of 12 normal animals 
tw6 received plasma obtained from normal monkeys and they served as the control 
group. ■ Under the.experimental group, seven normal animals were placed under 
group I and "were treated with plasma obtained from donor monkeys showing 
heavy. P. knowlesi infection. The remaining 3 normal monkeys received chohne 
as well as plasma from infected animals (group II). Plasma from infected monkey 
was also administered to the 2 anaemic monkeys (group III). For convenience, 
the disposition of the animals is indicated as follows:— 
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Fin. 1. Frozen section of the liver stained with 
Sudan black shows extensive nature of 
the fatty changes though such changes 
are more pronounced in the periportal 
region (low power). 


Pl..\TE XIII. 



Fio. 2. Frozen section of liver stained with 
Sudan black showing pronounced fatty 
changes round the portal tract (same 
section under high power). 



Fin. 3. Frozen section of liver stained with 
•Sudan black sho\\-s the disposition of 
fatty changes round the central hepatic 
vein' (same section under high power). 



. 1 . P. Roy. 
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-Jf! -’JnfMi!)! f>f pi.rjn.i {oht.uiird citlicr from normal or infected animals) 
-n r.r. for rarli nnw;!,. y, (iiliitrcl with normal saline and administered intra- 
n.r)ii5]y rvrty ■! Jn.ti, -. (or a prriotl of 72 to 96 liours. The dose of choline for the 
f'ntirys u,ulrr {.Monp H -.v.is 60 mg./kg., administered orally twice a day during 
r v.hrn pl.r.ma fiom infected animals was injected and also for one dav 

pnor ttj stieh itu'cnlation. 

In nil rnre-r, ilir hr-t hiojrsies were made 12 to 24 hours after the last in- 
oculntion and nho in inoM cases for the second time after 4 to 7 days. 


1’atiiological changes. 

ConlTo! fjoup.—The. liver lobules retained the normal architecture T-' 
parenchyma c(?l!s were normal, so also the central hepatic veins and the sinus---^ 

portal veins did not show any changes either. 

Experimental : 

Group /.—(fl) Liver sections, obtained soon after inoculation of the Lr- 
of infected plasma, showed the following pathological changes : 

The lobular architecture 'vvas well preserved. The parenc 
some degree of swelling but the most conspicuous feature was tl 
J'le cells. Under the low power, the distribution of fat droplets 
*n frozen sections treated with Sudan stains) appeared to be 
tlicy appciircd to be somewhat more concentrated rounc 
(Plate XIII, fig. I). On closer study under high power, it was 
^^Ic, the degree of fatty changes was much heavier and the drot 
periportal region than round the central hepatic veins (Plate Xll 
latter area sueh changes were cither absent as observed in sonic 
^uch less conspicuous (Plate XIII, fig. 3). There were no nee 
any of the specimens. The central hepatic veins were normal. 

The sinusoids appeared to be somewhat narrowed 
account of the swelling or fatty changes in the parenchyma 
cadotheliar cells (littoral cells) appeared to be flattened ai 
Veins also retained the normal appearance. 

(A) Biopsy materials, obtained from 6 out of 7 monirtj 
first biopsy) 4 to 7 days after the last inoculation of 
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more or less normal structure of lobules and the parenchyma cells. The exten¬ 
sive fatty changes observed after the first biopsy were altogether absent The 
central hepatic veins and other structures were found to be normal. 

• r. Tbe lobular structure was normal. Only minor degree of swelling 

with some granularity of the parenchyma cells was detectable in most of the 
lobules. The fatty changes were either absent altogether or when present were 
hardly conspicuous. There was no evidence of necrosis. The central hepatic 
veins and other structures appeared to be normal. ^ 

Group III .—The liver lobules retained the normal architecture. However, 
there was some swelling of the cells and extensive fatty changes, particularly well 
marked in the periportal region. The fat droplets were much larger than those seen 
near the centre of the lobule. No necrosis could be detected in any of the specimens. 

The central hepatic veins appeared to be normal. The sinusoick appeared to 
be somewhat narrowed. The portal veins retained normal appearance. 

Discussion. 


Anderson and Morrison (1942) were of the opinion that lesions in simian 
malaria were caused by anoxemia due to vascular occlusion, associated with severe 
anaemia. The development of histo-toxic anoxia in malaria was also considered 
by Hartman (19^7) and Rigdon (1942). Subsequently, Maegraith et al. (1947) 
reported that the liver changes, such as centrilobular necrosis, were due to stagnant 
anoxia caused by retardation of venous outflow on account of the action of a 
sphincter-like mechanism in the hepatic venous tree. Although this is the 
generally accepted view to-day, Maegraith {loc. tit.) had not over-ruled altogether 
the possible role of some toxic factor, as he believed that ‘ at this stage in our 
knowledge, however, it is not possible to rule out direct toxic effects on the cells 
and the search for possible toxic agents must be continued ’. Although during the 
current series of investigations some explanations in the pathogenesis of centri¬ 
lobular necrosis had been furnished by Ray (1954; 1954fl; 1955), Ray and 
Sharma (1957), it was realized that there were still considerable lacunae in our 
knowledge of the subject which required detailed studies, particularly on the role 
of malarial toxin, if any. 


It had been observed by many workers that malarial paroxysrn, or in fact the 
whole clinical picture, indicated the introduction of some non-specific agents and 
that probably they ^vere liberated in the plasma at the time of sporulation. 
According to-Meleney (1941) and Viswanathan (1944) perhaps some specific 
soluble product of the parasite or a byproduct of its metabolism might be involved. 
Although, Brown (1912) believed that the malarial pigment ,h£cmozoin was a 
potential to.xic substance, later workers, such as Morrison and Andreson (1942), 
did not consider it to be responsible for malarial paroxysm or lesions. Malanal 
paroxysm and liver lesions were attributed to other products of sporogony 
as well such as foreign protein, cell debris, certain metabolic products oi the 
parasite such as pyruvic acid, etc,, and some of these could cither be of parasitic 
or of endogenuus origin (Massias, 1948; Maegraith, loc. pt.). Further, car 
n9461 believed that there ^vas a possibility of alteration in the chemical stracturc 
of the cells, altered by malaria or anoxia in such a way that the tissue became 
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:\nugciiic lo itself and consequently sufiered injury. TJius, it would seem that the 
nature of toxin, if any, its cflcct on the cells or the mode of action, arc still a matter 
of conjecture. 

In view of these, the present investigations would appear to be of interest as 
they throw some light on the subject o( * toxin as well as its relation to the 
pathogenesis of liver injuries. It was demonstrated that introduction of massive 
doses of killed par.asitcs failed to produce .significant lesion in the parenchyma 
cells. Even in the series in which the parasites ^vcrc introduced through the 
superior mcsentric veins to ana}mic monkeys, thereby making conditions suitable 
for the development of liver injuries, no hepatic lesion could be detected. Since 
no parenchyma damage could be observed, it is reasonable to a.ssumc that the 
parasitic bodies do not exert any damaging influence over the liver cells. In that 
even, it is perhaps likely that some metabolic product of the plasmodium is possibly 
involved. Since in many c.ascs of black-water fever, liver lesions were observed 
even in spile of very scanty infection, Maegraith [loc. cit.) indicated that 
perhaps a diffusablc substance, produced directly or indirectly during the course 
of the disease, was involved in the pathogenesis of liver injury of this type. 

Were we to accept this concept, it may be argued that this particular 
metabolic product is specific in respect of P. knoivlesi and is not elaborated by 
P. cynomolgi as there is no significant liver lesion due to the latter type of plasmodial 
infection (Taliaferro and Mulligan, loc. cil.; Ray, 1955). Although no necrotic 
changes were evidenced, swelling of the cells and fatty changes in the liver of 
normal monkeys were invariably present shortly after the last dose of plasma 
inoculation. But there were no such changes in normal monkeys receiving plasma 
from normal animals. Further, the distribution of fatty changes was also highly 
interesting. In P. knowlesi infection, it had been observed earlier that fatty changes 
were of diffuse natuie in most ca.es (except in some where they appeared to be 
periportal when necrosis was well advanced), and thus making it difficult to locate 
the origin (ivay, 1957). 

In the present series, it was noted that the fatty changes were quite heavy 
round the portal tracts as compared to the centrilobular zone. Further, the fat 
droplets were found to be larger in size in the periportal region. In the normal 
course of events the flow of inoculated plasma through the liver would be from the 
portal vein towards the central vein through the sinusoids. Therfore, were there 
any toxic elements in the plasma obtained from infected monkeys and were they 
capable of inflicting injury to the liver cells, obviously the cells nearer the portal 
tracts would be the first to bear the major brunt. This seemed to have actually 
happened as the fatty changes were more conspicuous in the periportal than the 
centrilobular area. As the changes were of reversible nature (after a few days), it 
may be inferred that the toxin had either been excreted out or neutralized during 
this period. 

The liver changes in anemic monkeys after inoculation of plasma (infected) 
can be well understood as the parenchyma cells were already in a state of partial 
anoxia and thus susceptible to injury. 

From the above observations one is inclined to believe that the plasma-from 
infected animals contained certain factor or factors which were responsible for the 
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development of fatty changes in the liver. Further, it was noted that lipotropic 
agents, such as choline, were able to prevent or minimize such fatty changes when 
choline was administered along with plasma. In this connection, attention may 
be drawn to the earlier findings of Ray (1954a) who had demonstrated earher that 
while transfusion of whole blood or erythrocytes prevented or reversed necrosis, 
fatty changes could be minimized by choline, though by itself choline was unable 
to prevent necrosis. 

These investigations and those observed by Ray and Sharma {loc. at.) 
would indicate that while liver changes, such as necrosis, was perhaps due to a 
complicated mechanism, fatty changes were caused by certain elements present in 
the plasma of infected animals. But in the presence of choline the injurious effects 
of plasma seemed to be neutralized. 
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In part I of this communication, it had, been indicated that tho u. 
^renchyma damages in fatal P. falciparum infection in man and P knowlesi 
^croS of swelling, fatty changes and centrdobulS 




368 Experimental Studies on Liver Injury in Malaria. 

Working with the latter plasmodium, Ray (1954; 1955; 1957), had indicat¬ 
ed that there was some correlation between liver lesion and the intensity of infec¬ 
tion, particularly in respect of the necrotic changes. Such changes appeared to 
develop when the cell infection had attained between 40 and 50 per cent and at 
this stage the lesion was usually limited to the cells round the central hepatic veins. 
But soon after, the lesion had spread rapidly up to or beyond the midzonal region 
and this seemed to coincide with the terminal phase of the infection. Besides 
these, another interesting feature was the dilatation and sometimes even rupture 
of the central hepatic veins, particularly when the necrotic changes were well 
advanced. 

The sinusoids were often widely dilated and contained enormously swollen 
Kupffer cells, parasitized cells, pigments, cells debris and blood elements and these 
‘ packings ’ would appear to form a mechanical blockage to the free flow of blood 
from portal to hepatic veins (Ray, 1955j. The portal veins were found to be 
either formal or as in some cases somewhat dilated. 

In the absence of definite knowledge pathogenesis of liver injuries of the type 
mentioned has remained a matter of speculation. However, the recent hypothesis 
as postulated by Maegraith (1948) that the lesions were due to ‘ stagnant anoxia ’ 
on account of constriction of a sphincter-like mechanism in the hepatic-venous 
tree and that a humoral or reflex mechanism was perhaps involved in setting up the 
chain reaction, has focussed the attention of many workers, though the modus 
operand^ nature of stimuli or the mode of transmission of such stimuli still remain 
obscure. 

Meanwhile,, it had been demonstrated that transfusion of whole blood oi 
washed cells from normal monkeys prevented neciosis but not fatty changes in 
P, knowlesi infection, whereas choline in suitable doses minimized fatty changes 
but failed to prevent necrosis (Ray, 1954fl). Further, it was also shown that plasma 
from infected animals, when inoculated to normal monkeys, caused extensive 
fatty changes and these could be prevented by concurrent administration of 
choline (Ray, 1957a). These findings would, therefore, lend support to the belief 
that the two pathological processes, such as fatty changes and centrilobular necrosis, 
were perhaps initiated by different stimuli. During previous observations, Ray 
(1955; 1957) had indicated that so far as the necrotic changes were concerned, 
there were indirect evidences of the existence of some constrictor mechanism in 
the hepatic-venous tree and it was likely that it was thrown into action by soinc 
stimuli originating in some higher centres and transmitted through the sympathetic 
chain. It is well known fi.at sympathetic action constricts most blood vessels, 
especially of the splanchic viscera (Brain, 1951). It was also hinted that the factor 
which stimulated such higher centres could be anoxaemia. 

In order to elucidate this point further, investigations w<.re undertaken to 
observe the effect of P. knowlesi infection on the liver of monkeys previously subject- 
to sympatlicctomy as compared to the results in another group of infected 
animals in which such operation was not undertaken. A report on the preliminary 
findings had already been communicated earlier (Ray and Sharma, 1957) and 
the present paper records the detailed obser\'ations on the subject. 
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Materials and methods. 

Materials. _^Twenty two M. tmdalta mulatta, weighing bct\vccn. 10 Ib, and 

12 Ib., were utilized for these studies. All were subjected to tuberculin tests (Nair 
and Ray, 1951) and found negative. Prior to the investigations they were kept on 
standard diet as indicated in Part I of this paper, and body-weight checked up 
periodically. Twelve of these animals which formed the experimental group 
were subjected to sympathectomy, while 10 others were kept as the control group. 
Subsequently, both the groups received a standard dose of parasites. But before 
inoculation it was ensured that the wound was completely healed up and leucocyte 
count \vas normal in those subjected to the operation. This was to clirninate any 
infective condition. Normally, a monkey was ready for such investigation in the 
the course of 4 to 6 weeks. Adequate diet was provided and measures taken for 
the prevention of diarrhoea or dysentery. 

Parasites.—A recently isolated strain (Nuri) of P. knowlesi (Jaswant Singh, 
Ray and Nair, 1953; Edeson and Davey, 1953) was used for these studies. The 
strain is highly wrulent and irrespective of the dose of inoculum or the route, the 
course of infection is rapidly progressive once patent infection is established. The 
density of parasites may reach even up to 96 per cent cell infection prior to death 
though in the majority of cases the range varies between 60 and 80 per cent, 
accompanied by a very rapid fall in the liacmoglobin level (Ray, 1955). For 
experimental inoculation during the present series of investigations, a challenging 
dose of 5x10® parasitized cells per kg. was introduced intravenously to monkeys 
belonging to both the groups of experimental and comparative series. The dose 
had been standardized earlier in the Laboratories of this Institute for various types 
of investigations. With this inoculum, patency is established within a few hours, 
and the monkeys usually succumb to the infection between 4 and 6 days. 

Stains and staining .—Blood smears were stained with J.S.B. (Jaswant Singh 
and Bhattacharji, 1944; Jaswant Singh, Ray and Nair, 1953). An. Ehrilch’s eye 
piece adjusted to include 100 erythrocytes per field of thin film was used for parasite 
count. One hundred such fields were examined. 

Sympathectomy .—^According to Kuntz (1933) sympathetic supply to the liver 
in M. mulatta (rhesus monkeys) comes from coeliac plexus which derives its main 
fibres from the 6th to 12th thoracic ganglions. In view of this, sympathetic chain 
was removed in 12 monkeys at varying levels from the 6th to 12th thoracic region. 
The anaesthetic used was intravenous Kemithal (I.C.I. preparation) the use of 
which had been previously standardized at this Institute for all major operations 
on monkeys (Jaswant Singh, Ray and Nair, 1951), 

The operation sympathectomy consisted of a 31" horizontal incision over 
the corresponding rib (depending on the level of resection required) on the right 
side extending from paravertibral line to anterior auxilliary line. The porierior 
third of the rib was resected. The pleura was stripped from the inner surface 
from the adjacent ribs and vertebral bodies. The pleura and the lungs were 
retracted medially. The sympathetic chain was identified and exposed carefully 
over two to three segments above and below the level of incision. The correspond 
mg ganglions at the particular levels required to be removed were identified and 
the sympathetic trunk along with the ganglions was removed after cutting the 
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rami communicantes of each ganglion. Materials obtained at operation were 
subsequently subjected to histological studies. The wound was closed layer by 
layer. After a lapse of 10 days to a fortnight, operation was carried out on the 
other side in all but one. 

Out of the 12 experimental monkeys, one was subjected to unilateral 
sympathectomy (group I) and seven bilateral (group II) at the levels between 
6th and 8th thoracic segments. In two other groups consisting of 2 animals in 
each, similar operations (bilateral) were carried out at 8th to 10th (group III) and 
10th to 12th (group IV) segments, respectively. 

During the post-operative period each monkey received 100,000 unit 
procain penicillin per 10 lb. body-weight for 4 to 5 consecutive days. The 
standard diet {Appendix of Part I of this communication) was supplemented 
with milk during this period. 

Preparation of tissues. —Liver tissue was removed at the terminal stage of 
infection just prior to the death of monkeys. The materials were fixed in formol 
saline and imbedded and sectioned in paraffin in the usual manner. Ehrlich’s 
acid haematoxylin and eosin were used for routine staining. For demonstration 
of fat, frozen sections were cut and stained with a mixture of Sudan III and IV or 
Sudan black. 

Results. 

A. Parasite density: 

The intensity of infection as determined by parasite density in the control 
and the experimental series was as follows:— 

(i) Control series. —^The parasite count in ten monkeys varied from 52 to 86 
per cent cell infection, the mean density being 68 per cent. 

(ii) Experimental JgnVj.—The parasite density has been shown groupwise 
in the Table:— 

Table. 


Group. 

Number of animals. 

Parasite density expressed as percentage 

OF CELL infection: 

Range. 

1 Mean. 

I 

1 

i 

1 

II i 

7 

46 to 90 

! 72 

III 

2 

58 to 72 

1 65 

IV 

2 

48 to 57 

I 52-5 


The degree of mean parasita:mia in animals of the control scri^ and t^^^e 
in ffrouns I to III in the experimental series was somewhat similar. In group 1 
the uarasittemia was somewhat less. This difference was mainly due to small 
number of experimental subjects. However, it \yas still well within the range 
and had attained a level at which normally necrosis of the cells rounc the 
hepatic vein is invariably present in majority of the liver lobules as mdica c 

earlier (Ray, 1957). 



Ir.'!. Ji'i'.ir. ^G, ' 
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transfusion or after bilateral sympatlicctomyj i.c,, under either of the two apparently 
uncorrclatcd approaches. In view of this, it would be necessary to discuss fully 
the etiological factors responsible for liver changes in fatal malarial infections. 

Knisley et al {1941) believed that the ccnlrilobular necrosis of the liver was 
due perhaps to the mechanical obstruction of the free flow of blood through the 
sinusoids from the portal to central hepatic veins. The blockage might be caused 
by swollen Kupficr cells, accumulation of free phagocytes, cell debris, parasites, 
parasitized cells, pigments or masses of red cells in a state of ‘ sludge ’ or thrombus. 
From the nature of ‘ packing ’ in the sinusoids observed in the liver sections during 
the present studies, one would normally be tempted to uphold the mechanical 
obstruction theory, whether it is complete or partial. It is well known that as it 
is, under normal conditions, the cells near the centre of tire lobules arc at a lower 
oxygen tension than those in the periportal region. Any obstruction even be it 
partial, would slow down the free flow of blood and, therefore, the cells farthest 
from the portal tracts would suffer the most. 

In view of the above, it is felt that attention may again be invited to two 
important observations; dilatation or rupture of the central hepatic veins in un¬ 
interfered P. knowksi infection and the prevention of necrotic changes by tarnsfu- 
sion of whole blood or washed erythrocytes as indicated earlier. Were the ‘ block¬ 
age theory ’ alone given the credence, it would be difficult to reconcile to the above 
facts. Since the sinusoids were found heavily packed, one would expect that the 
flow of the transfused blood ivould also be retarded. This would, therefore, result 
in lowering of the oxygen tension of the blood or washed erythrocytes by the time 
they reached the central hepatic veins in the same way as happens with the 
normal flow as already explained. Thus, even after transfusion one would 
expect necrosis of the cells round the central hepatic veins but which did not occur. 
This particular point would be discussed further at a later stage. Again a blockage 
of the sinusoids would lead to collapse of the central hepatic veins rather than 
dilation or rupture. But were there any retardation of the outflow from the 
central hepatic vein itself on account of some kind of obstruction higher up, dilation 
or even rupture of the vein would be quite conceivable. In that event, necrotic 
changes would be the result of stagnant anoxia. In this connection, it may be 
observed that Rigdon and Stratman-Thomas (1942) had reported that the centri- 
lobular necrosis in fatal infection of F. knowksi was secondary to congestion follow¬ 
ing cardiac failure. Myocardial failure was the result of severe anemia and led 
to ‘back pressure’. This, in turn, was responsible for necrosis. But various workers 
including Maegraith (1944), failed to observe cardiac failure in fatal human 
nialaria though liver injury, including necrosis, was found to be extensive. In 
view of this, he considered that back pressure ‘ cannot have any part in producing 
liver lesions Further, it may be noted that in F. cynomolgi infection the degree of 
anaemia developed could be even of more severe type than that observed in P 
knowksi infection (Ray 1957i) and yet no necrotic changes in the former case 
were detectable (Talhaferro and Mulligan, 1937; Ray 1955). There were also no 
necrotic changeSiin monkeys rendered anaemic by repeated or sudden withdrawal 


On the basis of their detailed studies on the subiect 
(1944) and Maegraith (1948) believed that neither ‘ back 


Maegraith and Findley 
pressure ’ from failing 
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heart nor mechanical obstruction of the sinusoids could possibly be responsible 
for such liver lesions as observed in malaria. On the other hand, these workers 
considered that active obstruction to the hepatic venous outflow would appear to 
be the most reasonable interpretation. Such obstruction could perhaps be due to 
the existence and operation of a possible sphincter in the hepatic venous tree 
for the activation of which humoral or some reflex mechanism might be involved 
(Maegraith et al, 194-7; Maegraith, 1948; and Maegraith et al, 1949). There is 
already some evidence to show the existence of such mechanism in the liver of 
frogs and also in dogs (Bauer et al, 1932; Knisley, 1939). Although no sphincter 
has yet been clearly demonstrated in man or monkeys, Maegraith (1948) believed 
that a similar effective mechanism could very well be present in man as 
well. 


As to the changes in the parenchyma cells as shown during the present series 
of investigations, it was observed that in P. knowlesi infections in M. mulatta mulatta 
(not subjected to sympathectomy) there was severe degree of necrosis in the cells 
round the central hepatic veins, particularly during the terminal phase. Similar 
lesion was also observed in the monkeys previously subjected to unilateral 
sympathectomy. Such centrilobular type of necrosis had also been described 
earlier in acute syndrome of Chiari’s disease (Chiari, 1899) and also by Simonds 
(1935) in subjects with ligature of the inferior vena cava. Later, Hill (1951) 
demonstrated the same in venous occlusive disease in which there is obstruction to 
the venous outflow on account of sub-endothelial proliferation of the hepatic veins. 
Further, it may be mentioned that occlusion of the hepatic veins due to thrombosis 
with organization as seen in Senecio poisoning also produces centrilobular necrosis 
(Sapeika, 1952). Liver injuries, such as c^-ntrilobular necrosis produced under 
the above-mentioned conditions, have great degrees of similarities to those produced 
under P. knowlesi infection. The findings, such as dilation or rupture of the central 
hepatic veins, congestion and dilatation of the sinusoids and finally centrilobular 
necrosis, in uns’^unpathectomized monkey would all point out to the theory^ of 
retardation of venous outflow perhaps on account of some constrictor mechanism 
in the hepatic venous tree as was conceived by Maegraith et al (1948). 


In view of the above, the observations, such as complete absence of necrotic 
changes and the almost normal condition of the central hepatic veins in the liver 
of monkeys previously subjected to sympathectomy, would appear to be highly 
significant. Because, this would furnish further evidence to the existence of a 
sphincter mechanism which is perhaps operated by stimuli originated at some 
lugher centre, possibly in the hypothalamic region and transmitted through the 
SN^mpathetic fibres supplying the liver. Were this conception to be finally 
accepted, it would be necessary to establish the existence of a sphincter mechanism 
fnerhaps'by careful and systematic serial sections of the liver), the higher ccntic 
itself and also the factor or factors responsible for activating such a centre. 
Studies on the above aspects arc already in progress. 

Since transfusion of tvhole blood or washed erythrocytes prevented necrotic 
chan'-es in spite of sinusoidal blockage, as mentioned earlier Ray (195 d) has 
ar^ed that transfusion had merely helped to combat the initial anoxiemia caused 
b^?destruction of large number of er>-throcytes in P. knowlesi infection, and that 
anoxemia would perhaps be responsible, in some way, m setting the mechanism 
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into operation. In the light of the ]MTscnt findings, om' wo\ild l>t' (i'ni]d('d to 
draw the inference that perhaps anoxannia was the stinnilai\l to the hypolhalnnnis, 

But, before one could come to a final conelusion, it would he neee.'iiiury to 
explore also the role of ‘ toxin ’ (if any') about which repeah'd mention had been 
made by Macgraith (1948). That the factor/faetors involved eonld produce I'aliy 
changes and not nccrosi.s, has already been deinonslrated in I’arl 1 ol tills 
communication. 

It is thus felt that the present studies hav<; thrown ojten some lU'Wer channelii 
of investigations on this subject. 


SUMMAUY. 


1. Bilateral sympathectomy between Gib and 12lli llioracie level was carried 
out in 11 M. mulatla mulatia. One monkey was snbjeelerl In similar operation 
but on one side only. Four to six weeks later tliey were inoeiilaterl with a standaid 
dose of 5x10'’ parasitized cells frojn donor monkeys inleetefl with hiiiittilru, 
Ten other normal monkey's were similarly inleetefl and sei vcfl as llie control SfU’ies. 

2. The course of infection and overall tnean fhmsity f>r parasitiemia in both 
the series appeared to be more or less .similar ami all animals flicfl betwf'mt 4 
and 6 days. 

3. Liver biopsies were made just prior if) fieath, 7n llii: f onl/fd imrirn mitl 
in the monkey subjected to unilateral syjnpatheelojny the liver IfCiions wr.rn slgni'' 
ficant and .seemed to be proportional to the flegree fd’infefili'nn I’atly 

and necrosis of the parenchyma cfdls were the main fealnres, 'I'ln: maaoln; f:ban;/e« 
were restricted in the cells round the central hepatic veins v/hieh v/e/v; fd’/en fliliilrrl 
and in certain advanced cases ruptured. Tn ihfsse in v/hif,!/ j/unxi'ilir/iihi wx‘, 
high the necrosis had spread up to or beyond the midzonal atea, '/'he oiigln of 
fatty changes could not be located in many ea'-es bnl v/here nee/osis '//as fontnl \n 
be severe, these appeared to be of periportal di';lribnlion. In eonlraf.t, none f/f ll/e 
monkeys subjected to bilateral sympathectomy shoy/ed any significant pare/ich'/ma 
damage. The central hepatic veins appamred to b': m/ttnal, 

4. The sinusoidal change.? and the ‘j/aekings’ v/ilh ?,'//ollen Kiinffnr r/;lh.^ 
pigments, parasitized cells, er/throeytf;s, et/;., ap/peared to be worx (n mss Axiiiuf 
in all moniieys belonging to the experimental or /-//nt/ol ,v;/ies. 



ever, the role of a lioyr.hl': t'/xin ri.v-Af'A bo'/estigations, 

6. The preser.t work, yr^,AA a.r/;x;a.' to give a fea/f to f/.c- 



" "’"''■'‘iA'A-:/ g. 
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AN ELECTROPHORETIC STUDY OF PROTEIN PATTERNS 
OF SERUM FROM A FEW SPECIES. 

BY 

V. BALAKRISHNAN*, 
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M, THANGAVELU. 

(From the Department of Pathology, Medical College, TrivandruniA.) 

[Received for publication, September 30, 1957.] 

Electrophoresis as a method of separation of chemical constituents has 
proved valuable in many analytical studies. The qualitative as well as quantita¬ 
tive aspects of plasma in health and disease have been worked out in detail by 
various workers. But only a few references are available in the literature regarding 
the utility of this method in investigating the comparative patterns of plasma 
proteins in various species. This communication is a preliminary'report on a 
study undertaken to find out whether electrophoresis can be employed to differen¬ 
tiate the patterns of plasma proteins in different species. The present paper 
describes the results of our study of the patterns of the serum proteins in man, 
cow, goat and rat. 


Experimental material and method. 

The source of human blood samples was the student population of this 
College. Blood samples of cows and goats were obtained from the local slaughter 
house and those of rats by bleeding under anaesthesia from the tail vein of albino 
rats reared in the Department. Attempts were made to reduce haemolysis to a 
minimum. The blood was collected in a perfectly dry test-tube and after clotting 
was centrifuged for five minutes at 3,000 r.p.m. The serum thus obtained was 
used for the study. 

An apparatus supplied by Messrs. A. H. Thomas (serial No. 155) was used 
for electrophoresis. All the analyses were made in a barbital buffer at pH 8*6 
and 0-05 fi. The composition of the buffer was 10-3 g, of sodium diethyl barbitu¬ 
rate and 1*84 g. of diethyl barbituric acid dissolved in 1 litre of distilled water. 
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Tile electrophoretic cabinet was Jcept in a refrigerator so as to maintain a constant 
temperature of 4°G. Filter-paper strips (Whatman No. \, size 30-5x2*5 cm.) 
were stretched taut on a bakelite frame and kept in the cell for equilibration. After 
equilibration the bakelite frame was taken out and small paper strips soaked in 
serum samples carrying a load of about 0*01 c.c, to 0*02 c.c. were applied over the 
paper strips on the frame. The separation of the proteins was obtained by passing 
a current of 1 m.a. at 250 Volts D.G. per paper strip for 8 to 10 hours. Then the 
strips were taken out and dried for 10 minutes at lOO^G. The dried strips were 
dyed in amidoblack and then washed successively in a clearing fluid and tap-water 
until a pale blue background was left. The papers were then dried and scanned 
using a densitometer (Photovolt Corporation). 

When scanning, readings were taken at intervals of 1 mm., starting from 
the base line and going through the whole pattern. Two readings were taken 
at each of the points by setting the amplifier needle at zero on two points of the 
strip'—one to the left and the other to the right of the pattern. The average of the 
two readings was taken to be the optical density at a particular point. 

Graphs were drawn and divided into sections on the basis of major peaks and 
troughs. Any graph which did not permit of division into at least four sections 
corresponding to X /?-, and y-globulins and albumin was rejected. One or two 
samples had to be rejected due to htemolysis which made the ^-section unduly 
predominant. Only in the case of human sera could and cc^-globuiins be 
difierentiated on the graphs and these were added together to give an ‘C-section. 
There were altogether 87 samples—^24 of human sera, 20 of cow’s sera, 21 of goat’s 
sera and 22 of rat’s sera. Thirteen of these (4, 3, 5 and 1, respectively, from the 
4 species) had to be rejected for the reasons given above. 

For each section, area was calculated by means of Simpson’s one-third rule 
for numerical integration which is as follows : If an interval b—a is divided into 

2n sections of width h= and if Y; is the observation at a-f-ih, then the area 
over the interval is given by the expression: 


■[(Y. + X.) +4(y,+Y3 


■Y,_,) +2 (Y,+Y,+-+Y„_,)] 


Here, h ^vas taken to be 1 mm. In some sections there were not an odd number 
of observations. In that case the last observation was set aside and the above 
formula was used. To the value thus obtained the average of the last and the 
last but one observation was added to get the area for the whole section. 

For each sample, the areas of the four sections were expressed as percentages 
of the total area for that sample. These percentages correspond to the percentages 
of the corresponding proteins in the serum of that indiridual. 

Per cent compositions.—A summary^ of the electrophoretic partitions of the 
samples of sera from the four species is given in Table I. 

The number of samples in. each species, mean values of the percentages of the 
m-ntrlus Nsith estimates of standard deviaUons and cocfllcicnts of vanations arc 
mven in Table I. It is seen that human sera have more of albumin and less of 
6-fflobuUn compared to the other species. Rat’s sera have got more of/3-g5obu m, 
b\^ not differing by a large amount from the other species. 
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Table I. 


Elcclrophorelic fractionation of serum proteins of four species. 


Species. | 

Composition, per cent. 

Number 

of 

samples. 

7-globulin. 

fi-glohulin. 

c<-globulin. 

Albumin. 


f Mean 

23-51 

14-38 

13-74 

48-37 


Man 

■1 S.D. 

2-58 

2-98 

2-17 

2-25 

20 


tc.v. 

10-97 

20-74 

15-76 

4-65 



f Mean 

23-11 

20-53 

15-55 

40-81 


Cow 

^ S.D. 

6-16 

4-87 

3-64 

3-27 

17 


fc.v. 

26-68 

23-72 

23-38 

8-02 



f Mean 

26-64 

20-55 

10-09 

42-73 


Goat 

■1 S.D. 

6-52 

4-70 

2-52 

5-11 

16 


fC.V. 

24-48 

22-89 

25-00 

11-96 



f Mean 

23-08 

25-66 

10-06 

41-20 


Rat 

■1 S.D. 

4-00 

3-05 

2-37 

5-40 

21 


tc.v. 

17-35 

11-87 

23-56 

13-11 



Note.—Mean = x = S x /N, where x is the observed percentage for an individual 
and N is the numer of samples in the species. 

^ ^ ( X — X ) 

S.D. = estimated standard deviation = S N—T- 


C.V. = estimated coefficient of variation — S.D./mean. 

It is interesting to note that the C.V. are much higher in the case of cow and 
goat than those for man and rat. In this connection, it may be remembered that 
the blood samples for the two species were obtained from the local salughter-house. 
Moore (1945) has also noted a somewhat similar effect. He obtained values for 
swine serum and it was found that the values obtained from a sample from a New 
York city slaughter-house were much different from those obtained from 3 swines 
raised privately. Since, there was only one sample from the slaughter-house, he 
could not, of course, compare the C.V. between the two cases. 

Typical patterns, one for each species, are shown in the Text-figure. 

Lower and upper confidence limits for means and upper confidence limit 
for S.D. have been calculated and are given in Table II:— 


Table II. 

Estimated confidence limits for means and S.D. of Table I. 
(Confidence level 95 per cent.) 


Species. 

r-GLOBUUN. 

jy-OLOBULIN. 


-GLOBULIN. 

Mean, 


Mean. 

S.D. 

Mean. 

S.D. 

L.L. 

U.L. 

U.L. 

L.L. 

U.L. 

U.L. 

L.L. 

U.L. 

U.L. 

Man .. 

22-30 

24-72 

3-88 

12-98 

16-17 

4-49 

12-73 

14-75 

3-26 

Cow .. 

19-94 

26-28 

9-72 

18-03 

23-04 

7-68 

13-68 

17-42 

5-73 

Goat .. 

23-16 

30-11 

10-48 

18-04 

23-06 

7-56 

8-74 

11-43 

4-05 

Rat .. 

21-26 

24-91 

5-95 

24-27 

27-04 

4-53 

8-98 

11-14 

3-52 


Note.—S.E. (x) =S.D./Vn 

The limits for 5 are ;±S.E. D Xtn_,(P=0-05) 

Upper limit for S.D. is ^ 'I ^ 


ALBUmN 


Mean. 


L.L. 


U.L. 


147-32 
39-13 
140-00 
38-74 '43-66 


49-42 

,42-49 

45-45 


\Chi squaren_, (P=0-975). 


S.D. 


U.L. 


3-39 

5-16 

8-21 

8-03 
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Text-figure. 


Goat 



Cow 


Rat 




Electrophoretic pattern ofserum pnotcins of goal, cow, rat and man. 

Lower and upper confidence limits for the percentages of proteins in the serum 
of an individual from the species have also been calculated (vide Table III):— 

Table HI. 


Estimated confidence limits for per cent compositions. 
(Confidence level =95 per cent.) 


Species. 

r-GLOBUUN. 

F-GLOBUU.V. 

i c< 'CI-OBUUN*. 

j Ai-BUjri.N*. 

L.L. 

U.L. 

L.L. 

i U.L. 

1 

‘ LX. 

I U.L. 

1 L.L. 1 U.L. 

Man 

14*70 

32*33 

4*18 

i 24*97 

6*34 

! 21*14 

j 40*68 \ 56*07 

Co%v 

0*88 

45-33 

2-98 

' 38*09 

2*45 

. 20*65 

29*01 '52*61 


2*63 

50*65 

3*23 

i 37*87 

o*eo 

1 19*37 

>23*92 : 61 *54 

Rat 

9*59 

36*58 

15*40 

! 35*91 
i 

2*08 

18*05 

j 23*01 i 59*39 


Note.—Loiver limit=L.L. (S) — 1*9600 U.L. (S.D.). Upper Iimit=U.L. (x) -f 1*9600 U.L. (S.D.). 


/f 27 • - 

>™™ a more non„„| '-educed lo soml^/"®'' ''a*K'“J= no sure 

“l^"^n/s!ob£''”^i^™Uo„. ''“ '■”''®ed by 


Cow 


Goat 


Rat 


[Mean, ' 
1 S.D. ■ 

I 0 .V. 


0-940 
0-082 
8-75 

0-694 
0-094 
13-58 

0-760 

0-iG5 

21-77 

0-715 

0-164 

22-95 


0-285 
0-047 
16-43 

0-388 

0-115 

29-67 

0-239 
0-064 
26-85 

0-253 
0-087 
34-56 


0-300 
„0-07S 
25-12 

0-501 
0-106 
21-05 

0-487 
0-125 
25-71 

0-637 

„0-l33 

20-84 


0-487 
0-055 
11-21 

0-576 
0-182 

31- 58 

0-646 

0-211 

32- 63 

0-578 

„0-lS3 

26-52 


R , -20-84 0-153 

. . Bartlett’s fpcr r '—■ / ^^’-52 


Sources. 
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The observed value of the variance ratio was found to be 31*431 which gives 
a P less than 0*001, that is, the chance that we will get a value of F greater than 
the observed one is less than one in a thousand. Hence, we infer that the variability 
between species predominate over the wthin-species variation. The estimate of 
the error variance is 0*0125 and hence, the standard error of the difference betiveen 

the means for a pair of species is -f 0'0125, where n, and n„ are the 

numbers of individuals from the two species. All the differences except that between 
cow and goat species are highly significant (significant at a level of P= 0*01). 

For all the fom* ratios, confidence limits were calculated for the means and 
S.D. (upper limit only) and these are given in Table VI;— 

Table VI. 

Estimated confidence limits for the means and S.D. of Table III. 


(Confidence level =95 per cent.) 


Species. , 

1 o<-GlOBUL1N/ 

AlBUSON/gLOBULIN. j ALBUMIN. j 

1 ^-Globuun/albumin. 

r-GLOBUUN/ALBUXCN. 

j Mean, j S.D. | Mean. j 

1 S.D. j 

1 1 

1 Mean. 

1 S-D- 

I Mean. 

S.D. 


; L.L. D.L. ! 

1 1 

u.L. j L.L. ; 

U.L. 

i U.L. j 

L.L. 

U.L. , 

1 U.L. 

L.L. 

U.L. 1 

i U.L. 

Man ,. 
Cow .. 
Goat .. i 
Rat 

i 

0-902| 0-979, 
0-646 0-743 
0-672 0-848| 
0*640 0-790j 

1 1 

0-I24I 0-263 
0-149 0-329 
0-266 0-205 
0-244 0-213; 

; 1 

0-307 0-071: 
0-447. 0-1821 
0-273 0-1031 
0-292 0-130| 

' ) 

' ) 

0-265 

0-447 

0-421 

0-577i 

1 

' 0 - 335 ; 

0-555 
’ 0-554 

t 0-697 

1 

’ 0-113 0-462 
0-116 0-483 
0-201 0-534 
0-197 0-508 

0-513 0-082 

1 0-670 0-287 
0-758 0-339 
0-648 0-228 


Using these values, upper and lower confidence limits for individual 
observations of the ratios were also calculated. These are given in Table VII. 
In all cases the confidence level was taken to be 95 per cent. The formulae used 
are the same as those in Tables II and III. 


Table VII. 

Estimated confidence limits for the relative concentrations of the proteins. 
(Confidence level =95 per cent.) 


Species. 


Albusuk 

Globulin. 


c<-Globulin ^-Globulin 


.•Vleumin. 


.'Vlbo.mln. 


r-GLOBLTLlN 

.Albu.mlv. 



L.L. U.L. ! L.L. ! 

■ 

U.L. i 

L.L. 1 U.L. L.L. 

U.L. 

Man 

Cow 

Goat 

Rat 

0-659 i 1.222 j 0-125 
0-354 i 1.034 ! 0 

0-151 i 1.369 i 0-003 
0-162 1.268 ' 0 i 

1 ! i 

0-445 1 
0-803 1 
0-476 ; 
0-547 j 

0-042 ! 
0-121 ! 
0-026 ! 
; 0-190 j 

i 

j 0-557 0-300 

I 0-831 0 

0-949 0 

1-034 0-062 

0-674 

1 1-233 

1 1-422 
i 1-094 


—in Uie case oi negauvc > .uuvj - 

AH the zero values \vere obtained in ihis manner. 
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In the ease of relative concentrations also, the species are found to differ 
very much in the level as well as the variability of the ratios. Here again, the 
results for cows and goats arc found to be much variable than those for the other 
two species. Homo sapiens were found to be distinctly higher in the A/G ratio 
than the other species, rats in the /3-globulin/albumin ratio and cows in the 
c<-globulin/albumin ratio (Table VI). For the purpose of identification of an 
indi%ddual sample, relative concentrations have the same drawbacks as per cent 
compositions. 

The confidence limits given in Table VII may be useful in some other ways. 
If the levels of the ratios observed in the scrum of an individual were found to be 
outside the limits given in Table VII, we may take that individual to be abnormal 
in some way. Calculation of such limits for persons suffering from diseases known 
to affect these ratios would be of some help in diagnosis. 

Moore and Lynn (1941) have obtained similar ratios for normal human 
plasma. They have combined their results with those given by Longsworth and 
Scudder and obtained the results given in Table VIII. 

Table VIII. 


Summary of concentration ratios for twenty-five normal plasma patterns, 
(Taken from Moore and Lynn.) 



Sample 

size. 

Albumin 

c<-globulin 

j5-gobuIin 

Fibrinogin 

7'-globulin 

Globulin. 

Albumin. 

Albumin. 

Albumin. 

Albumin. 

Longsworth 

7 

1'99 

0-125 

0-23 

0-09 

0-21 

Scudder 

6 

2-25 

0-10 

0-18 

0-083 

0-17 

Moore and Lynn 

12 

1'94 

0-126 

0-22 

0-081 

0-19 

Average 

25 

1-99 

0.12 

0.21 

0.08 

0.19 

S.D. 


0-30 

0.025 

0.04 

0.02 

0.04 

C.V. (per cent) 


15 

21 

19 

25 

21 


In our results, there is no fibrinogen component. The coefficients of 
variations from our data compare very favourably with those given in Table VIII. 
Moore and Lynn (Zoc. cil.) have also calculated 1-, 2-, and 3-sigma limits for 
these ratios. But there are some mistakes in the formulae they have used, and in 
some cases the formulae used by them, do not take into consideration the fact that 
the sample size is not very large. We have re-calculated the limits for a confidence 
level of 95 per cent using the correct and appropriate formulae. The results are 
given in Table IX. 

The re-calculated 95 per cent limits were the same as the 94'5 per cent limits 
given by Moore and Lynn {loc. cit.) up to 2 decimal places (except for one case). 
These limits are very different from those obtained by us. The A/G ratio from 
our results is only half that given by Moore and Lynn, whereas the 2 ratios 
globuUn ^ globufin , . 

°^~ albh ^^ mi ^'Sb umin S^^en by them. The 

„ globufin . . , 

•^"aiburmn different m the two series. It would be of very great 
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They are denoted by (a;i) and ( a‘^), respectively. 

where x. = XirA^r is the mean of the ith variable for all the species together, 

nr is the sample size from the r^h population, and Xir is the mean of the i^b variable 
in the r^h population can be used as a chi-square with p(k-l) degrees of freedom 
to test the hypothesis that the mean values are the same in all the k populations for 
these variables (Rao, 1945 and 1948). 

Here p —3 and k ~4, and Vg, ^ may he treated as a chi-square with 9 degrees 
of freedom. The observed value of Vg. ^ was found to be 159*2226 and the chance 
that we will get a value of chi-square greater than this (on 9 degrees of freedom) 
is less than 0*001. Hence, the mean values are highly significantly different. 
Thus, the differences in the per cent compositions of the proteins between the 
species are found to be satistically highly significant. 

Once this oyer-all difference has been established, the next step is to try 
to get some function of the observations for a pair of species, the value of which 
would be a guide in identifying individuals from either of these species. We 
have chosen a linear compound of the observations as the appropriate function 
(It is the same as Fisher’s discriminant function). The functions themselves, mean 
values of the function for the 2 populations, variances of the functions, standard 
error of the difference between the two mean values and the value of t are all 
given in Table XII for the 6 comparisons. 

The chance that a higher value for ‘ t ’ than that observed would be obtained 
is less than 0‘ODl in all cases. Hence, there is a real difference between any two 
species. 

The means, 5.D. (%vith corresponding degree of freedom) as well as the C.V. 
for the discriminant functions are given in Table XIII:— 


Table XIH. 

Means^ standard deviations and coefficients of variations for values of the 

discriminant fiinciion. 


Comparisons. 


Mean, 


, J 

^ Man .. 

55-769 

3-504 

16 

Man and cow 

Cow .. 

65-607 

2-838 . 

13 


[ Man .. 

40-088 

5-405 

16 

Man and goat ^ 

Goat .. 

54-989 

8-533 

12 


Man .. 

49-126 

25-111 

16 

Man and rat ^ 

Rat .. 

139-589 

24-866 

17 


r Cow .. 

683-100 

113-198 

13 

Cow and goat -i 

Goat .. 

523-254 

68-232 

22 


f Cow .. 

27-688 

12-252 

13 

Cow and rat 

\ Rat .. 

48-898 

8-544 

17 


f Goat .. 

309-447 

64-376 

12 

Goat and rat 

^ Rat .. 

379-316 

46-870 

17 


S.D. 


d.f. 


C.V. 


6-28 

4-33 

13-48 

15 - 52 
53-32 
37-83 

16 - 57 
33-04 
44-63 
37-47 
20-80 
12-36 
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As before, lower and upper confidence limits for the means and the upper 
confidence limits for the S.D. were calculated. These arc given in Table XIV 


Table XW. 


Estimated confidence limits for the means and S.D. of Table XIII. 
(Confidence level =95 per cent) 


Comparisons. 

Mean. 

S.D. 

LL. 

U.L. 

U.L. 

Man and cow i 
Man and goat J 

Man and rat 

Cow and goat - 

Cow and rat 

Goat and rat s 

Man .. 
Cow- 
Man .. 

1 Goat .. 
Man 

Rat 

Cow- 

Goat .. 

’ Cow- 
Rat 

Goat .. 
Rat 

54-108 

64-120 
37-525 
50-340 

37 221 
128-141 
623-796 
486-092 
21.217 
44-964 
274-375 
357-737 

57-430 

67-094 

42-651 

59-638 

61-031 
151-037 
742-404 
560-416 
34.159 
52-831 
344-519 
400-895 

6-015 

5-313 

9-279 

16-993 

43-108 

41-787 

211-895 
135-837 
23.122 
14-358 
128-198’ 
78-765 


We find that the limits of the means for the 2 species in each comparison 
are quite distinct. Thus, the join-t consideration of the per cent compositions 
have yielded results which clearly distinguish between the mean values of the 
species. The confidence limits for the individual values of the discriminant func¬ 
tions were also calculated and these are given in Table XV:— 


Table XV. 

Estimated confidence limits for values of the discriminant functions. 


(Confidence level =95 per cent.) 

Value of discriminant 
function: 


Comparisons. 


Man and cow 
Man and goat 
Man and rat 
Cow and goat 
Cow and rat 
Goat and rat 


Man 
Cow 

{ Man 
Goat . 

{ Man . 
Rat . 

/ Cow 
\ Goat . 

r Cow 
\ Rat . 

r Goat . 
\ Rat . 


Lower limit. 


42-319 

53-707 

19-338 

17-034 

^ 7-271 

46-238 

208-482 

219-851 


23-107 

203-358 


Upper limit. 


69-219 

77-507 

60-838 

92-944 

145-523 

232-940 

1157-718 

826-657 

79- 478 

80- 973 

595-787 

555-274 


—24-102 

16-822 
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Here, as before, the intervals overlap to a very great extent. To find out 
with what confidence we could identify a given individual, we considered the 
extreme case. The means were made to lie on the limits (Table XIV) so that the 
difference between the means of the 2 species is a minimum. This minimum 
difference was divided by the sum of the maximum values of the standard deviations 
and the quotient was used to set up confidence limits for the individual values 
(using the tables of normal probability integral). The confidence levels for 
identification in these extreme cases are given in Table XVI:— 

Table XVI. 

Confidence levels for identification. 


Comparison. 

Confidence, per cent. 

Man and cow 

44-5 

Man and goat 

23-0 

Man and rat 

57-0 

Cow and goat 

14-0 

Cow and rat 

22-7 

Goat and rat 

5-0 


The confidence levels vary from 5 per cent in the case of the goat and rat 
comparison to 57 per cent in the case of the man and rat comparison. Here 
again, the high variability among cows and goats has revealed itself as a stumbling 
block in the path of identification. 


Summary. 

1. The sera from individuals of four species were compared with regard 
to the per cent compositions and relative concentrations of the proteins. 

2. All the available references in the field of comparison between the per 
cent compositions of species confine themselves to a discussion of the graphic 
patterns obtained. On the basis of these alone, the conclusion has been drawn 
that each species possesses a ‘ characteristic^ and reproducible electrophoretic 
pattern ’. No attempt has been made to consider the bet^veen species variability 
in relation to the within-species variability. Even though the species differ in 
both the per cent compositions and the relative concentrations of the proteins, 
the nroblem of identification of the individual as belonging to one of a given list of 
species cannot be tackled ivith a high level of confidence. A part of the difficulty 
in this connection is the high variability found among cows and goats, the Wood 
samSes for which were obtained from the local slaughter-house. An expenment 
witira more normal sample ivould be worthwhile as we have found that even with 
the ver> Sill samples we have taken, the discrimination between human and rat 

sera is at a moderately high level. .... , 

3 As far as ive know, the method of discrimination using a linear compound 
of the per cenrc?mpositions of aU the proteins has been used hero for the first t.me 
in coimection with electrophoresis. 
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4. A comparison of our results for the human sera with those given by 
Moore and Lynn (he. dl.) hns revealed a \vidc divci'gcncc between the patterns 
obtained. It would be of interest to find out the reasons for this divergence. In 
this connection a study of the \'ariations in the patterns for various levels of 
malnutrition seems to be desirable. 

5. We have given confidence limits for individual values of per cent 
compositions and relative concentrations of the proteins. The limits for the 
liuman sera would be of some assistance in the detection of abnormality in an 
individual. Calculation of such limits from samples suffering from diseases known 
to affect the protein patterns \vould be of great value. 


The authors gratefully acknowledge the help of Dr. U. Sivaraman Nair, 
Professor of Statistics, University of Kerala, for his statistical gixidance and great 
interest in this study. 
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Toxoplasma gondii is a protozoan which is widely distributed in nature and 
has been recognized in man as well as in a variety of animal hosts (Eyles and 
Frenkel, 1952, 1954; Farrel et al., 1952; Frenkel and Friedlander, 1951; Jacobs, 
1953, 1956; Jacobs, Melton and Jones, 1952; Kass et al., 1952; Manwell et al., 
1945; Nicolle and Conor, 1913; Nicolle and Manceaux, 1909; Olafson and 
Monlux, 1942; Pinkerton and Weinman, 1940; Sabin, 1939, 1942; Weinman, 
1943, 1952; Westphal and Finke, 1950; Wolf, Cowen and Paige, 1939). Infec¬ 
tion of human beings tvith toxoplasma may sometimes produce manifestations 
of a disease, toxoplasmosis, referred to as the neonatal (Frenkel and Friedlander, 
loc. eit.), infantile (Wolf, Cowen and Paige, loe. eit.) or adult form, (Feldman and 
Sabin, 1949; Frenkel, 1948; Frenkel and Friedlander, loc. cit.; Kass et al,, loc. cit.; 
Kean and Crocott, 1947; Pinkerton and Weinman, loc. cit.; Rawal, Jhala and 
Patel, 1955; "Weinman, 1943, 1952) depending on the period of life during which 
the organism is acquired; in a large number of instances the time of infection is 
unknown because of absence of symptoms (Feldman and Sabin, loc. cit.; Frenkel 
and Friedlander,/or. «V.; Jacobs, 1953, 1956; Jacobs, Cook and Neumann, 1954; 
Kean and Crocott, loc. cit.; Pinkerton and Weinman, loc. cit.). 

Although isolation of toxoplasma from the patient -or from the animal is the 
most reliable method of identification of toxoplasmosis, this is not always possible, 
so that histologic, immunologic, and serologic methods will often have to be substi¬ 
tuted. It has to be pointed out that microscopic examination alone i.s not always 
sufficient in the differentiation between toxoplasmosis and sarcosporidiosis (Awad 
and Lainson, 1954) and that there is doubt concerning the specificity of the Fcld- 
man-Sabin (Awad, 1954) dye test for toxoplasmosis. However, the toxoplasmin 

( 390 ) 
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skin lest (Frenkel, 1948) as well as the dye test for toxoplasmosis (Sabin and 
Feldman, 1948) offer practical means for conducting surveys of the population 
and are valuable aids in the investigation of eases which arc suspected of toxoplas¬ 
mosis but present no symptoms of activity of this disease (Frenkel, 1948, 1949; 
Jacobs, Cook and Neumann, he. cil; Kean and Crocott, he. eit.; Sabin, 1942, 
1949 and 1952; Warren and Sabin, 1942). 

The frequency of toxoplasmosis in man and animal hosts varies in different 
parts of the world; the disease has been reported from every continent and all 
climates (Card, 1951). The incidence is greater in the older population (Feldman 
and Sabin, he. cil.; Frenkel, 1948; and Card, he. cil.) and in warmer climates 
(Feldman, 1953; Card, he. eit.). 

Although there is evidence of the biologic and immunologic identity of 
toxoplasma of human or animal origin, the mode of acquisition or transmission 
from man to man, from animal to man or from animal to animal is yet not known 
wth certainty. On the basis of clinical observations and many animal experi¬ 
ments, it is now generally accepted that neonatal toxoplasmosis is the result of 
congenital transmission of toxoplasma from the mother to the fetus during preg¬ 
nancy, particularly if the mother acquires toxoplasmosis during the gestation 
period (Cowen and Wolf, 1950, 1950fl and 1950^; Eichcnwald, 1948; Frenkel and 
Friedlander, he. eit.', Hcllbrugge, 1953; Jacobs, 1956; Wildfuhr, 1954; and 
Wolf Cowen and Paige, he. eit.). Transmission of toxoplasmosis from animal 
to animal by oral and peroral routes with infected material has sometimes been 
successful (Eichenwald, he. eit.', Kozar et al., 1952; Manwell et al., he. eit.) but 
not in all instances (Frenkel, 1951; Jacobs, Woke and Jones, 1950; Van Thiel, 
1949). The possibility of transmission of toxoplasmosis by arthropods has 
repeatedly been tested (Jacobs, 1953; Nicolle and Conor, he. eit.', Weyer, 1951; 
Woke et al., 1953) but the results are still equivocal (Jacobs, 1953; Nicolle and 
et al., he. eit.'. Woke et al., he. eit.). 


The problem of possible acquisition of toxoplasmosis by ingestion of under¬ 
cooked contaminated meat as well as by the ingestion of organs of infected animals 
has received eonsiderable attention (Adams et al., 1949; Cowen and Wolf, 1950' 
Eiehenwald, he. eit.', Farrel et al., he. ah; Jacobs Woke and Jones, he. eit.', Kozar* 
Wysocka and Sikorska, he. eit.', Nanwell et al., he. eit.', van Thiel, he. eit.). There 
is recent re-emphasis on the possibility of toxoplasmosis in human beings due to 
the consumption of pork that has not been sufficiently heated, similar to the con¬ 
traction of trichinosis (Weinman and Chandler, 1956); however, on the basis of 
a serologic survey of elderly, orthodox Jews who denied ever having eaten pork 
Jacobs, Cook and Neumann [he. eit.) conclude that there is no convincing evidence 
that toxoplasma infection in humans is usually acquired by ingestion of pork. 

On account of these equivocal data, a pilot study of the prevalence of 
toxoplasmosis in the Delhi area seemed promising, because of the varied but 
distinct eating habits of certain groups of the indigenous population bound by 
tradition or observed as religious practices. Members of some of these groups do 
not eat beef but may eat pork, goat or game; others do not eat pork but may eat 
beef, goat or game many of the people are strict yegetarians. Among the towns 
people are also many indiscriminate meat eaters, 
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Goat is the most widely consumed meat eaten by the population in this 
area; buffalo meat and pork are also commonly eaten while beef is difficult to 
obtain. Meat of the local wild deer family is greatly appreciated whenever 
it becomes available. Poultry, particularly chicken, goose, peasant, peacock 
and partridge is consumed by many, especially among the members of the well- 
to-do classes. 

The information gained from individuals concerning their eating habits with 
I’Cgard to flesh meat is usually correct; however, internal organs, such as liver, 
brain, lung, spleen or kidney are freely consumed but are sometimes not consi¬ 
dered as meat. Therefore, this point has to be clarified in every single case. 

Materials and methods. 

Skin tests with toxoplasmin were made in all cases and in a few instances 
the dye test for toxoplasmosis was also employed. O'l c.c. of toxoplamin, diluted 
\sTth saline 1:1,000 was injected intradermally on one arm and O’l c.c. of mouse 
spleen antigen, diluted with saline 1:1,000 was given on the other arm. The 
skin reaction to these injections was usually read 24 hours later but some were 
observed after 48 hours. The extent of erythema was measured and the test was 
considered positive, when the area reached or exceeded 10 mm. in diameter and 
had become indurated-^. 

The age, sex, religion and the detailed eating habits were recorded in every 
case and in instances where the skin reaction with toxoplasmin was considered 
positive, the person was given a thorough physical examination for clinical 
evidence of lesions compatible with toxoplasmosis. Untoward reactions to cither 
the toxoplasmin or the control antigen were not observed. A substantial number 
of skin reactions could not be read due to lack of co-operation of the individuals 
being tested. Blood samples were collected from all persons who exhibited a 
positive skin reaction in order to perform a toxoplasma dye test on the sera; due 
to inadvertent electric poAver failure in Delhi, many of the blood samples were 
spoiled and only three could be carried out. 

The toxoplasma skin test was applied to two groups; children between the 
ages 7 and 15 and adults between the ages 20 and 49 years. 


Results. 


1. Children .—A total number of 198 skin tests and controls was performed 
of which 168 (85 per cent were read; in 115 instances the results were examined 
after 24 hours and 53 tests rvcrc read after 48 hours. There were 108 boys and 
60 mrls; their ages varied from 7 to 15 years, giving an average of 10 years of age. 
Among the children were 57 vegetarians and 111 non-vegetanans of whom 64 
had not consumed pork and 47 denied hawng ever eaten beef. 


♦Toxoplasmin and control anitgen, prepared from the pcritonealtxudate ofmicc infc^cd \v Uh toxoplasrna 
^vas ccncrooslv supplied bv Dr. Leon Jacobs from dte Institute of Tropical 

Health Betbesda/ilD., U.S.A., and all toxoplasma dye tests ycrc performed in this labomiop. , 

to thank Dr. Jacobs for this kindness as ncll os for much valuable advice; v/.thout this co-opcration this stud, 

would not have been possible. 
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Two positive skin reactions with toxoplasmin were obtained in this group: 
one was a girl, 9 years of age, a vegetarian, who exhibited an area of erythema 
measuring 25 X50 mm. in size and showed some induration 24 hours after injection. 
The control test remained negative. The toxoplasma-dye test was positive in a 
titre of 1:256. 

The second positive skin reaction occurred in a 12 years old boy, a non¬ 
vegetarian, who had consumed various kinds of meat for the last 10 years; he had 
eaten beef t^^'icc or three times a week for the last two years but denied ever 
having consumed pork. 

The percentage of positive skin reactions to toxoplasmin in the children’s 
group was 1’2. 

2. Adults .—A total number of 140 skin tests and controls was performed 
of which 120 (86 per cent) ^vcre read. There were 58 males and 62 females; 40 
were vegetarians and 80 non-vegetarians of whom 44 denied having ever eaten 
beef and 35 ever having eaten pork. One was an indiscriminate meat eater. The 
total number of vegetarians in this group was 40 and that of non-vegetarians 80. 
The ages were distributed as follows:— 

20 to 29 years of age ... 42 1 positive skin test. 

30 to 39 years of age ... 57 3 positive skin tests. 

40 to 49 years of age ... 21 2 positive skin tests. 

The toxoplasmin-skin test was positive in five instances; four were males, 
28, 30, 32, and 40 years of age, respectively, one was a female 45 years of age. All 
five were non-vegetarians and three of them had eaten various kinds of meat such 
as mutton, pork, beef, chicken as well as oi-gans of animals, such as liver, brain, 
kidney, lung and spleen but no beef Two members of this group denied ever 
having eaten pork or the organs of swine, but had eaten beef. 

One toxoplasmin-skin test performed on a 35-year old female vegetarian, 
who had been admitted to the Irwin Hospital, New Delhi, with the diagnosis of 
chorioretinitis, gave a doubtful positive reaction showing an area of erythema 
measuring less than 5 mm. in diameter and exhibiting some induration. The 
test was repeated within 3 days with similar results. The control test remained 
negative. The toxoplasma-dye test was positive in a titre of 1:256. In view of 
the outcome of this test and the presence of chorioretinitis, the case was consi¬ 
dered one of toxoplasmosis despite the doubtful positive skin test. 

The overall percentage of positive skin reactions to toxoplasmin in the adult 
group was 5. 


Discussion. 


The outcome of this pilot study indicates that toxoplasmosis does occur in 
the Delhi area and that the incidence of this condition is about the same as that 
reported by Rawal, Jhala and Patel [loc. cit.) from Bombay. This survey also 
indicates that presumptive evidence of toxoplasmosis is more frequently demons¬ 
trated in adults than in children. ^ 


The 
group of 


preponderance of positive outcomes of tests for toxoplasmosis in the 
non-vegetarian adults suggests the possibility of acquisition of this 
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condition by eating insufficiently heated infected meat or organs of infected animals. 
The significance of this important point has to be probed in a study of a larger 
group of cases. 

Summary. 

1. Skin tests for toxoplasmosis of a group of 168 children between the ages 
of 7 and 15 years gave positive results in 2 instances, a 9 year old girl, a vegetarian 
and a 12 year old non-vegetarian boy who had never eaten pork. Fifty seven 
children were vegetarians and 111 non-vegetarians. The overall percentage 
of positive skin tests in children was 1.2. 

2. Skin tests for toxoplasmosis performed on 120 adults between the ages 
of 20 and 49 years gave positive results in 5 instances; two males, 28 and 48 
years of age, respectively, and a woman 45 years of age, all non-vegetarians who 
denied ever having eaten beef and two were males, 32 and 33 years of age 
respectively who had never eaten pork. 

One doubtful skin reaction was obtained in a woman 35-year old, a vegetarian, 
who had been admitted to the hospital with diagnosis of choidoretinitis. The 
toxoplasma-dye test of the serum of this patient was positive in a dilution of 1:256. 
Despite the weak skin reaction, this case was classified as one of toxoplasmosis. 
The overall number of positive skin tests with histoplasmin was, therefore, 6; 
five persons were non-vegetarians and one was a vegetarian. 

3. With the exception of the case of chorioretinitis, none of the other 
persons exhibiting a positive-skin test for toxoplasmosis showed any clinical 
evidence of this condition on physical examination; for this reason they were 
classified as latent instances of toxoplasmosis. 

4. Among the total number of 191 non-vegetarians in both groups, five 
exhibited positive skin reactions, while 2 positive reactions occurred among 97 
vegetarians. In the adult group alone, however, there were 5 instances of positive 
skin reactions among 80 non-vegetarians against one positive skin reaction among 
40 vegetarians. In view of the comparatively small number of cases examined, 
the result of this pilot study should be tested in a larger survey. 

7. The type of meat eaten docs not seem to play any role in the occurrence 
of toxoplasmosis. 


The authors wash to express their sincere thanks to A4rs. Louise Gamer, 
R.N., for her gracious help in this study; to Drs. R. L. Mchra, M.D., Superinten¬ 
dent, P. N. Taneja, M.D., Pediatrician-in-Chief, and B. G. Dhanda, M.D., Honorary 
physician, all of the Irwin Hospital, New Delhi, for their interest, support and 
professional advice; to Mr. Mohammad Farouk, Manager, Bachon ka Ghar 
(orphanage for Moslem boys), Darya Ganj, Delhi, for letting his wards submit to 
the toxoplasmin-skin tests. 
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BY 
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It has been reported in different species of animals that testosterone stimulates 
the thyroid gland (Nathanson et al., 1940; Money, 1950; Money et al., 1950; 
Burris et al., 1953; Roy et al., 1956). This stimulation is presumably brought 
about by an enhancement of TTH secretion of the pituitary (Roy et al., 1956) 
and the androgen seems to have no direct stimulating action on the thyroid (Roy 
et al., 1956; Zalesky et al., 1941). 

Tcstostci'one has also been claimed to exert a beneficial influence on the 
thyroid of goitrogen-treated animals, Voitkevfich (1950) reported that methyl 
testosterone caused a considerable decrease of hypertrophy of the thyroid and 
prevented the complete loss of biological activity of the gland of thiouracil-trcated 
guinea-pigs and cocks. Kar and Sur (1953) also noted that the typical hyper¬ 
plastic changes of the acinar cells of the thyroid of thiourea-treated rats was reduced 
following simultaneous ti'eatment ^vith testosterone propionate. On the other hand, 
Leathern (1947) observed that testosterone propionate had no effect on the thyroid 
hypertrophy of thiourea-treated rats. Segaloff (1944) and Leathern (1948) failed 
to note any change in the weight of the thyroid of thiourea-treated rats after 
androgen administration. It is, thus, seen that the action of testosterone on the 
thyroid of goitrogen-treated animals is a controversial issue. The true nature and 
mechanism of influence of the testoid on such goitrogen-treated thyroid is not elcar 
and awaits proper elucidation. As the conditions under which testosterone had 
to act arc expected to be different in the normal and thiourea-treated animals, 
it was thought worthwliilc to rc-investigate the above problem in a more detailed 
manner. 


( 396 ) 
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Thiourea was administered to rats for varying periods with the idea of 
producing different degrees of thyroid insufTicicncy. Such rats were treated with 
testosterone propionate and the response of tJic tliyroid was studied. 

Experimental procedure. 

The present study comprises three separate experiments. Male albino rats 
of the Institute colony u'crc used in these investigations. 

Experiment No. I. —^Twenty-four rats weighing 59‘7 ± 2*8 g. were divided into 
three groups (A, B and C) of 8 each. To group B thiourea (in 0*4 c.c. distilled 
water) was administered through subcutaneous injections for 21 days. The dose 
of thiourea was 4 mg./rat daily to start with; it was gradually raised to 10 mg. 
within 5 days and the maximum dose was maintained for the rest of the experi¬ 
mental period. Group C, in addition to thiourea in the above dose schedule, 
received simultaneous treatment with testosterone propionate (4 mg. in 0*2 c.c. 
sterile sesame oil/rat on alternate days) through intramuscular route. The remain¬ 
ing group served as a control and only the diluents were injected to them. All 
of them were kept under uniform husbandry conditions. 

The animals were sacrificed on the day following the last treatment. The 
thyroid glands were dissected out, weighed and fixed in 10 per cent neutral 
formalin. Serial paraffin sections of the glands were stained with Ehrbeh’s hema¬ 
toxylin follotved by alcoholic cosin. 

Experiment No. 11. —^Twenty-seven rats weighing 52'0rt;5*9 g. were employed 
in this experiment. The animals were likewise divided into three groups (A, B 
and C) of 9 each. To groups B and C thiourea was administered daily for 38 days. 
The dose of thiourea was gradually raised from 4 mg. to 8 mg. within a period 
of 14 days. Subsequently, the maximum dose was maintained for the rest of 
the experimental period. The animals of group C received, in addition, injections 
of testosterone propionate (6 mg. in 0*2 c.c. of sterile sesame oil/rat on alternate 
days) from the 19th day of thiourea treatment. Ten such injetions were given 
over the period of 19 days. Group A served as the control receiving only the 
diluents. 

The rest of the experimental procedures were the same as the previous 

ones. 

Experiment No. ///.—Twenty-four rats weighing 40*0±4 g. were divided into 
three groups of 8 each. Groups B and G received subcutaneous injections of 
thiourea (in 0*5 c.c. of distilled water) for 88 days. The dose of the drug was 
gradually increased from 4 dig. to 20 mg. within the period of first 20 days and 
the maximum dose was maintained for the rest of the experimental period The 
animals of group G received, in addition, injections of testosterone propionate 
(8 mg. in 0-25 c.c sterile sesame oil) on alternate days. The androgen treatment 

was spread over 23 days. Group A served as a control and received the iniections 
of the diluents. 

The remaining procedures were the same as those of the other two 
experiments. umci two 
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Results. 


The data on the thyroid weight of the three experiments are presented 
in Table:— 


Table. 


The thyroid weight and body-weight of the control, thiourea-treated and 
thiourea-plus testosterone propionate-treated animals. 


1 

1 

Group and treatment. ^ 

i 

; Mean body-weight (g.). 

Mean thyroid ' 
weight (mg.) 
with S.E. 

Initial. 

i 

Final. 

Experiment 1. 

A. Control .. ,. 1 

60-2 

86-5 

4-7±0-27 

B. Thiourea .. .. ! 

60-2 

79-5 

7-8±0-42 

C. Thiourea pirn testosterone 
propionate ., .. ^ 

59T 

73-5 

8-8±0-36 

Experiment 2. 

A. Control .. .. i 

49-7 

97-9 

4-9±0-33 

B. Thiourea .. .. j 

50-2 

' 89-0 

8-8±0-30 

C. Thiourea plus testosterone i 
propionate .. .. j 

56-8 

98-0 

6-5±0-24 

Experiment 3. | 

A. Control .. ,. ■ 

40T 

1 

[ 

' 147-7 

5-0±0-28 

B. Thiourea .. .. 

40-0 

125-5 

9-3±l-09 

C. Thiourea plus testosterone 
propionate .. 

39-9 

120-8 

3-8±0'13 


ANALYSIS 


(Thyroid weight). 


Experiment 1. 

Group A vs. group B- 
Group A vs. group G 
Group B-" 


t 6-20; P<-001 
group C—t 9 TO; P < ' 001 


(Significant) 

(Significant) 

& > *05 (Insignificant) 


Experiment 2. 

Group A vs. group B—t 8-86; P< -001 (Significant) 

Group A vs. group C—t 3'92; P< ’01 and > ’001 (Significant) 
Group B vs, group C—t 6-05; P < '001 (Significant) 


Experiment 3. 

Group A vs, group B—t 3*83; '01 and > ‘001 (Significant) 

Group A vs. group C—t 3-89; P < -01 and > '001 (Significant) 

Group B vs. group G~t 5-04; P < -001 (Significant) , 

Experiment I. —^It wall be seen that the weight of the thyroid is increased 
following thiourea administration. The w'eight of the gland in the combined 
treated group does not show any appreciable difference from that of the goitrogen- 

treated ones. 

Histological picture of the thyroid of the animals in the control group 
nresent a normal appearance (Plate XVH, fig. 1). The follicles are fiUed with 
acidoplrilio colloid which show's a few vacuoles. The cells lining the acini are of 
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testosterone can influence tlie actiwt)^ of such thyroid can be considered along the 
foUowng lines. Testosterone has been slio^vn to stimulate the normal thyroid 
gland and this is due to augmentation of TTH output of the pituitary (Roy et al, 
1956). That such a stimulation of the thyroid gland is associated mtk an increase 
in the thyroid hormone secretion becomes relevant from the fact that testosterone 
elevates BMR (Thompson, 1941 • Kenyon, 1942). Due to this ability of the testoid 
to enhance the elaboration of TTH from the pituitary, there null be a tendency 
for it to increase the overall TTH secretion in the thiourea-treated animal. 
Thyi-otrophic hormone, in its turn, has been shown (Bastenie and Kowaleski, 1950) 
to increase the oxa^^gen consumption of the thyroid in the tliiourea-treated animals, 
though to a lesser extent than it can do in normal ones. Moreover, it has also been 
demonstrated that TTH increases the peroxidase activity of the thyroid (Viliamil 
and Mancini, 1947). From these obseiwations it seems possible that testosterone 
might improve the secretory actirdty of the thyroid of goitrogen-treated animals by 
increasing the TTH secretion from the pituitary. In that case, an enhanced 
secretion of thyroid hormone will tend to inhibit the output of TTH, which -was 
prerdously geared up as a result of lack of thyroid hormone induced by thiourea 
administration. 


It is not knorvn rvhether testosterone can influence directly the peroxidase 
actirdty of the thyroid gland. If it possessed any such property it could be expected 
to counteract the action of thioui'ea and prevent any hyperplastic changes caused 
by the latter. 


It is pertinent to note here that testosterone has been reported to stimulate 
the adrenal cortex (Rennels et at., 1953; Castellani, 1952; Roy et al., 1957). The 
adrenal cortical hormone has been shown to inhibit the thyroid gland producing 
depression of the acinar epithelium with corresponding rise in the acinar colloid 
content (Marthi and Rasanen, 1954). Such depressing action of corticoid on 
the thyroid activity has been reported by other investigators as well (Antopol, 
1950; Money et al., loc, cit.', Hill et at., 1950; Wolfson et at, 1950; Fredrickson 
ei al., 1952). It may, therefore, be commented that any increased adrenocortical 
actmty induced by testosterone is likely to influence the thyroid. 


From the present data, it is seen that the administration of thiourea invariably 
causes an increase in the weight of the thyroid and produces hypertrophy and 
hyperplasia of the acinar cells. The changes induced by testosterone propionate 
are, however, different in the thi’ee experiments. In experiment I, there is no 
significant difference in the weight of the th)Toids in thiourea treated and combined 
treated animals. From the histolo^cal study of the thyroids it appears that 
following simultaneous treatment uath testosterone the hyperplastic changes in 
the th-STToid are somewhat increased. This tendency of increasing the thyroid 
htmerplasia can be explained by the ability of testosterone to augment the TTH 
secretion from the pituitary. The absence of any significant change m the weight 
or histoio^^ of the tliwoid is probably due to the simultaneous suppressing actions 
of the increasingly secreted thyroid hormone and of the hypertrophied adrenal 
gland*, which was caused by the testoid influence. 


Group A—19'7±0'56 
Group B—I6‘0i0‘76 
Group C—22‘I±I‘07 


*Mean adrcnat weight (mg') with S. E. 
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In experiment II, the weight of the thyroid is diminished and the h>T3erplastic 
changes in the thyroid aix: absent following treatment ^vith testosterone and the 
thyroid presents more or less normal picture. This change in the thyroid is difficult 
to cxplain. Tlic improved liormonal secretion of the thyroid of goitrogen-treated 
animals under the androgen innucncc may depress the hypophyseal TTH secretion 
and thus tend to diminish the hyperplastic changes in the thyroid. However, it 
is to be considered whether it would be possible for the goitrogen-treated thyroid 
to secrete such an amount of thyroid hormone in the absence of any hyperplastic 
change, in ease the androgen has no direct stimulating effect on the peroxidase 
activity of the gland. From the results of the third experiment it appears that 
testosterone has no such direct effect {vide infra). It is noteworthy, however, 
that the adrenal glands of the hormone treated animals were very much hyper¬ 
trophied*. Probably, the increased secretion of the corticoid hormone from the 
h)^crtrophied adrenals plays an important part in depressing the thyroid hyper¬ 
plasia. Sucli cliangc u'as not observed in the first experiment, probably because 
the dose of testosterone was low and adrenal enlargement was not marked in 
that ease. 

In experiment III, the weight of the thyroid in the hormone-treated animals 
is very much diminished and the histological examination reveals marked atrophy 
of the acinar cells. In this cxpciimcnt where the goitrogen was administered in 
higher doses and for longer period, the thyroid showed very marked hyperplastic 
changes. Further stimulation by testosterone probably leads to e.xhaustion with 
eventual atrophy of the gland. Of course, the possibility of exhaustion at the 
pituitary level cannot be ruled out. Had the testoid any direct beneficial effect 
on the peroxidase activity of the thyi*oid, the gland should not have atrophied. 

Any probable suppressing influence of the cortical hormone on the thyroid 
cannot be thought of in this case as the adrenals were not hypertrophied in 
comparison to those of the controls f. 

Summary. 

Administration of thiourea causes an increase in the weight of the thyroid 
gland and produces hypertrophy and hyperplasia of the acinar cells, the degree 
of hyperplasia varying roughly with the duration of treatment. Testosterone 
administration produces varied changes in such thyroids. Various factors such 
as duration of thiourea administration, stage of thyroid hyperplasia at which 
hormone therapy is instituted, the dose of testosterone and the state of adrenocortical 
activity as influenced by the testoid, probably deterime the ultimate response of 
the thyroid of goitrogen treated rats to testosterone treatment. 


The authors want to thank Dr. B. 
in this work. 


Mukeiji for the keen interest he has shown 


♦Mean adrenal weight (mg.) with S. E. Group A—19-7^0^ 

Group B —16'3±0-47 
Group C-28-0±0-91 

tMean adrenal weight (mg.) with S. E. Group A—22 • 7± 1 -06 

Group B—17-5±0-75 
Group G—23-4^:1-21 
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Studies in Experimental Diabetes. 

Langei'hans in animals. Similar observation, on the islands of Langerhans in 
animals as a result of administration of thyroid in small doses, was made by Haist 
(1953) and Kinash and Haist (1955). Formation of new islets in the pancreas 
of animals after administration of proper dose of desiccated thyroid was observed 
by Houssay, Foglia and Martinez (1946). Increase in the insulin content of the 
pancreas of animals after administration of thyroxin in proper doses was observed 
by Zunz and LaBarrc (1932) and Fraenkel Gonrat et al. (1942). 

Anterior pituitary extract (A.P.E.) when administered in suitable doses 
produce proliferation of /? cells of islands of Langerhans in animals. This was 
noted by Richardson and Young (1938). The above finding was confirmed by 
Ham and Haist (1939, 1941) who observed that under similar conditions, acinar 
cells of the duct also proliferated giving rise to the formation of new ^ cells. 

Marks and Young (1940), Soong (1940), Fraenkel Gonrat et al. (1941) and 
Funk et al. (1941) observed earlier that injection of pituitary extract to rats caused 
increase in the insulin content of their pancreas. 

Though insulin causes universal lowering of blood sugar in all types of diabetes, 
yet long continued administration of insulin may, as pointed out by Haist et al. 
(1949), arrest the growth of islet tissues. On the other hand, chronic and continued 
hyperglycemia may cause progressive deterioration of the pancreatic lesion in 
experimental diabetes (Luken’s hyperglycemic theory). Thus, it is reasonable to 
assume that proper dose of insulin, if combined with agents which will stimulate 
the pancreatic cells, may produce better effect towards the regression of diabetes 
than either of them alone. This view is supported by the observations of 
Rodriguez {loc. cit.) who obtained better effect by combining oestrogen with 
insulin in alloxan diabetic rats than with oestrogen alone. (Estrogen in combina¬ 
tion with glucose, was also observed by Mukherjee et al. (1956) to produce better 
effect in alloxan diabetic rats than oestrogen alone. 

In view of the above findings, the study of the effect of administration of 
corticotrophin, desiccated thyroid and insulin separately and in combination of 
the former two with insulin on the incidence and course of alloxan diabetes has been 
undertaken. 


Materials aotj methods. 

Two hundred and forty albino rats of C.D.R.I. colony, of both sex, were 
used in this experiment. Animals were housed in separate cages and fed on identical 
stock diet for a period of one week before starting of experiment. 

One group of 140 animals was treated as follows:— 

1. Regular insulin 1 unit/rat/day was injected subcutaneously for a period 
of 7 days to 6 rats and for a period of 14 days to other 6 rats. 

2. Regular insulin 2 unit/rat/day was injected subcutaneously to 6 rats 
for 7 days and to another 6 rats for 14 days. 

3. Desiccated thyroid suspended in water 100 mg./rat/day was forced fed 
to 13 rats for 6 days and to another 30 rats for 12 days. 

4. Gorticotrophin (Organon) 2 mg./rat/day was injected intramuscularly 
to 6 rats for 7 days and to 10 rats for 14 days. 
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On completion of treatment at different periods as mentioned above, the 
animals were kept without food for 24 hours (water allowed ad lib.). Alloxan in 
6 per cent solution was then injected subcutaneously in the dose 175 mg./kg. to 
all the above 83 treated animals as well as to another 57 untreated normal animals 
under similar fasting condition. The latter served as untreated control. Animals 
suffering from glycosuria and ketonurea were treated with 4 units of regular insulin 
twice daily to enable them to sur\dve. Insulin injection was preceded by forced 
feeding of milk. Blood sugar was estimated twice during first week on the 2nd 
and 7th day after alloxan administration. 

The next group of 100 animals was given subcutaneous injection of alloxan 
in the same dose and under similar fasting condition as stated above. The animals 
suffering from glycosuria and ketonurea were also treated with insulin and forced 
fed with milk as stated before. The surviving animals were then treated as 
follows:— 

1. Subcutaneous injection of regular insulin 4 units/rat/day was continued 
in 9 animals which served as control. 

2. Desiccated thyroid 10 mg./rat/day was fed to 8 animals (but no insulin), 

3. Intramuscular injection of corticotrophin O'l mg/rat/day was given to 
9 rats (but no insulin). 

4. Desiccated thyroid was fed and insulin injected to 16 animals in the 
same dose and same way as in (1) and (2). 

5. Corticotrophin and insulin was administered to 9 animals exactly in 
the same dose and same way as in (1) and (3). Treatment was continued for 
8 weeks. 

Blood sugar was determined and weight recorded of all the animals of both 
groups once every week during the period of observation of 8 weeks. Treatment 
was discontinued in animals whose blood sugar had gone below O'200 per cent 
anytime during the course of treatment and the animals were followed up. The 
tre atment was, however, re-started in animals whose blood sugar had again gone 
beyond O'200 per cent. Pancreas were collected of all the animals at the end 
of 8th week and also of the animals who died during observation. Blood for sugar 
determination was collected in all instances in 24 hours fasting condition. Blood 
sugar was estimated by Folin and Wu (1920) method, sections of the jjancreas 
were stained by Gomori’s chromealum haematoxyline-phloxine and hsmatoxylin- 
eosin methods. 

Results. 


Effect of pre-treatment with regular insulin, desiccated thyroid and corti¬ 
cotrophin on the diabetogenic action of alloxan and on the course of alloxan 
induced diabetes in albino rats has been given in Table I. 


The results show that pre-treatment with regular insulin in small H unitl 
or large p units) doses for short (7 days) and long (14 days) periods do not either 
protect the albino rats from the diabetogenic action of alloxan or modify the course 



EXPLANATION OF PLATES XIX AND XX. 


Section of the island of Langcrhan’s of a diabetic rat treated by insulin (S.C.) and thyroid (oral) x420. 

The islands' of Langerhan’s in the combined insulin-thyroid treated group of rats which recovered 
shows the following features. Number of jS cells arc less than in normal. Cell outlines although not 
absolutely clear is still .discernible. The nuclei arc spherical and arranged in the centre. The cytoplasm 
is more granular than in any of the two other mentioned groups (Fig. 1). 

■ Section of the island of Langerhan’s of a diabetic rat treated by insulin only. The island of Langerhan’s 
in the insulin-treated diabetic rats bear a t^gaical appearance of chronic diabetes. There are few $ cells 
only and cell outline of the cells cannot be seen. The nuclei are shrunken and vacuolated. The cytoplasm 
is absolutely agranular (Fig. 2). , • 


Section of the island of Langerhan’s of a diabetic rat treated by thyorid only. 

The island of Langerhan’s in the thyroid treated group represents more advanced degree of degener¬ 
ation as follotvs. The B cells are completely necrosed and are disintegrated. Only the nuclear remnants 
can be seen. No cytoplasmic granules are seen, only amorphous remnants are found (Fig. 3). 

-Section of the island of Langerhan’s of a diabetic rat treated by corticotrophin only. 

The islands of Langerhan’s of corticotrophin-treated group of rats bear evidence of . degeneration as 
follows:— 

1 . Number of jS cells are less and no cell outline can be seen in many cells. 

2. The nuclei are not spherical in many cases, are irregularly scattered. Some degenerated nuclei 
can also be seen. 

3. The cytoplasm is almost agranular except in a few peripheral cells (Fig. 4). 

Section of the island of Langerhan’s of a diabetic rat treated by corticotrophin and insulin. 

The island of Langerhan’s of corticotrophin and insulin-treated group of rats bear the degenerative 
nature of the B is evident from the following:— 

1. Although a fair number of B cells are present except in the central zone, the nuclei in most of them 
are strophic and are irregularly placed in spiany instances. 

2. No definite cell outline is recognized yet the cytoplasm is more granular than in corticotrophin 
or insulin-treated group (Fig. 5). 

Section of the island of Langerhan’s of a (untreated) diabetic control rat (Fig. 6). 


Section of the island of Langerhan’s of a normal rat (Fig. 7). 

, Section of the island of Langerhan’s of a diabetic rat treated by thyroid and insulin. 

A highly magnified section of the pancreas from a diabetic rat treated wiA 
(i) loss of demarcation of the acinar epithelium and 0 cells of the islands of Langerhan s ( ) 
of the nuclei and granules from some acinar cells (Fig. 8). ' ' 


- (N.B.-Figures 6 and 7 are sections of normal and diabetic controls for comparison only). 
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Table IL 


Eject of insulin, desiccated thymd and corlicotrophin on course of alloxan induced 

diabetes in albino rats. 


j 

Number of 
diabetic 
rats used. 

Dose of drug used. 

1 Duration 

1 of treat¬ 
ment, weeb. 

Number of 
rats 

recovered. 

Per cent, 
recovery. 

Diabetes, 
per cent. 

9 

Regular insulin 4/'■/rat/s.c./daily 

! 8 

0 

0 

100 

8 

Desiccated thyroid 10 mg./rat/ | 
oral/daily ., ., i 

8 i 

1 1 

^ 12 

88 

9 

Corticotrophin 0‘1 mg./rat/i.m./ ' 
' daily .. , • 1 

8 

0 

0 

100 

16 

i 

j Insulin 4 l^/rat/s.c./daily plus 1 
desiccated thyroid 10 mg./rat/ 
oral/daily .. ,, : 

8 

8 

50 

50 

9 : 

Insulin 4 /^/rat/s.c./daily plt/s 
corticotrophin 1 mg./rat/i.m,/ 
daily 

i 

8 

0 

0 

100 


Recovery is indicated by normoglycemia and arrest of loss of weight or gain in weight 
above the pre-aUoxan level 


Results showed that alloxan-induced diabetic condition in rats could not 
be modified in any way when the animals are treated either with insulin and 
corticotrophin separately or in combination. When the alloxan-induced diabetic 
rats were treated with desiccated thyroid (10 mg. daily) alone (1 out of 8) 12 per 
cent of the animals recovered from diabetes and when the combined treatment of 
desiccated thyroid and insulin was given, (8 out of 16), j.e., 50 per cent of the 
animals recovered from diabetic condition. 

Discussion. 

The results show that pre-medication of rats with insulin or corticotrophin 
cannot modify the incidence of diabetes after alloxan administration. The results 
further show that corticotrophin alone or in combination with insulin-produce no 
ameliorative effect whatsoever in alloxan-induced diabetic condition. Though 
insulin is beneficial in controlling hyperglycemia, it possesses no pancreatropic 
action. Haist ei al. {loc. cit.) demonstrated that long continued administration of 
insulin caused atrophy of the islands of Langerhans. Afajority of workers agi’ce 
that prolonged use of insulin suppresses the metablic activity of the /3-ceils and 
causes atrophy of the islands of Langerhans. Best et al. (1955), in a review article, 
indicated that majority of opinion was in agreement that prolonged use of insulin 
would suppress formation and secretion of insulin and the islands would undergo 
disuse-atrophy to such an extent that finally diabetes would result (Haist, loc. cit.; 
Bell 1953). The results obtained by us that insulin treatment has no effect on 
the incidence and cause of alloxan diabetes in albino rats and that insulin treat¬ 
ment increases the sensitivity of the albino rats to the diabetogenic action of 
alloxan are supported by the above findings. 

Tensen and Grattan (1950) observed that corticotrophin definitely antagonizes 
the effect of insulin and prevent insulin hypoglycemia. Through the action of 
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cortico-adrcnal hormone ACTH antagonizes insulin action on the hexokinase 
reaction and retards glycolysis of glucose, ACTH also causes increased peripheral 
demand of insulin due to increased rate of protein (and fat) catabolism. All 
these result in a vicious circle which increase the glyccmia level and thereby cause 
damage to the pancreatic /? cells. Abraham el al (1953) observed that prolonged 
injection of corticotrophin increases the size of islands of Langerhans and causes 
enlargement and dcgranulation of p cells suggestive of exhaustion and atrophy of 
the insular apparatus, Gavallcro and Mosca (1953), at the same time, found that 
corticotrophin injection stimulates chiefly the alpha cells as is e\adcnced by their 
increased mitotic activity. All the above findings go to show that corticotrophin 
injection creates a situation favourable for production of diabetes rather than 
cither to prevent the diabetogenic action of alloxan or to ameliorate the diabetic 
conditions produced by alloxan. Therefore, the failure of corticotropliin to prevent 
diabetogenic action of alloxan and to exert any beneficial effect either by corti¬ 
cotrophin alone or in combination with insulin on the alloxan induced diabetic con¬ 
dition as observed by us can be explained on the above light. Histological 
pictures of the islands of Langerhans showing necrosed character of the j8-cells 
(Plate XIX, figs. 1, 2, 3 and 4) confirm the findings. 


Results of pre-administration of desiccated thyroid show that when thyroid 
is fed for a short time (6 days), it protects (6 out of 13) 46 per cent of the animals 
from the diabetogenic action of alloxan but no such protective action is exhibited 
when pre-feeding is continued for a longer period (12 days). The results further 
show that when alloxan-induced diabetic rats were treated with thyroid alone, 
one out of eight animals (12 per cent) recovered from diabetes as is evidenced by 
normal blood sugar, absence of glycosuria and gain in weight (re-gain of lost weight). 
But the histological picture of the pancreas of this animal still shows necrosed condi¬ 
tion of the cells. Better effect was obtained by us when thyroid feeding was 
combined with insulin treatment. Out of 16 animals which received combined 
treatment 8 (50 per cent) recovered from diabetes as judged by their normal blood 
sugar level, absence of glycosuria and re-gain of the lost weight. 

Although the tissue response is not complete, evidence of formation of new 
(i cells from acinar epithelium can be suggested from the folloAving findings:_- 

(t) Loss of demarcation between acinar cells and ^ cells. 

(u) Extrusion of the acinar cell nucleus and granules in the /3 cell region can 
be seen and although no mitotic figure can be seen in the (i cell 

in some instances a few normal j8 cells can be noticed, -i-i-u.. 


Houssay (1946) demonstrated that thyroid feeding to alloxa^r 
diabetic rats, caused early and spontaneous regression of their diah'^tir 
This he ascribed to the pancreatropic effect of thyroid hormone 
and Martinez (loc. cit.) observed that desiccated thyroid admim'Z^fCl’ 
formation of new islets in the pancreas. So, the results of 
obtained by us are supported by above observations. ^ admimstration 


In conclusion, it can be mentioned that rats may comnletelv remv^r r 
alloxan diabetes when thyroid feeding is simultaneously combined vdn! ^ 
.topy The mechamsm of such improvensen. is due to' ,£”ancrcaCto':? 
of thyroid on the cells which is greatly assisted by the hypoglycemic 3* 
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insulin^, which prevents further damage of cells by persistant hyperglycemia of 
diabetes. 

Summary. 

1. Effect of pre-treatment with insulin, corticotrophin and desiccated thyroid 
separately on the diabetogenic action of alloxan and on the course of alloxan 
induced diabetics as well as the effect of combination of corticotrophin with 
insulin on desiccated thyroid with insulin on the course of alloxan diabetes in 
albino rats has been studied. 

2. Pi'e-treatment with insulin or cortocotrophin has no effect on the diabeto¬ 
genic action of alloxan or on the course of alloxan induced diabetics in albino rats. 
Pre-treatment wth insulin appears to increase the sensitivity of the rats to 
diabetogenic action of alloxan. 

3. Insulin or corticotrophin or their combination do not ameliorate the 
alloxan induced diabetic condition in any way. 

4. Desiccated thyroid feeding for short time shows some protective effect 
against the diabetogenic action of alloxan. Treatment with desiccated th)Toid 
alone causes recovery of one out of 8 animals from alloxan-induced diabetics. The 
combined insulin and thyroid treatment, however, shows better effect and 50 
per cent of the animals recovered from alloxan-induced diabetes. 


Authors’ sincere thanks are due to Messrs. Organon Laboratory (London) 
for the supply of corticotrophin. Thanks are also due to Mr. S. Banerji for the 
photomicrographs. 
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EXPERIMENTAL PEPTIC ULCERATION. 

Part HI. 

EFFECT OF ANTICHOLINERGIC DRUGS ON HISTAMINE- 
INDUCED ULCERATION. 


S. H. ZAIDI, 


G. B. SINGH. 

{From the Central Drug Research Institute, Lucknow.) ' 

[Received for publication, November 9, 1957.] 

Crimson, Lyons and Reeves (1950) suggested that antichoHnergic. drugs 
had a definite place in the treatment of peptic ulceration and were potent tooTs 
in the control of ulcer pam and inhibition of the volume of gastric juice It was 
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also suggested by them that the need for surgery might be lessened as these drugs 
would perform so-called ‘ medical vagotomy Ruffin et al (1953) later observed 
that there still existed a considerable difference of opinion as to the exact value 
of these drugs in peptic-ulcer therapy and, therefore, a realistic assessment may 
give a valid appraisal. Lichstein et at. (1956) pointed out that further studies on 
specific physiological mechanisms in the production of gastric secretion in relation 
to anticholinergic drugs may help to find out a useful therapeutic agent in the 
ti'eatment of peptic ulcer. Information regarding the specific mode of action of 
these drugs on histamine-induced ulceration is not clear, although histamine 
forms part of the normal gastric secretory mechanism and is present in gastric juice 
(Code, 1956) and all parts of gastric mucosa (Gregory, 1956). In the present 
communication, therefore, the action of anticholinergic drugs on histamine-induced 
ulceration has been studied and relative effectiveness on anti-gastric ulcer actiwty 
observed. 

The effect of anticholinergic drugs on gastric secretion has been studied 
both in experimental animals and in patients with gastric and duodenal ulcers 
(Longino et al., 1950; Rider et al., 1953; Atkinson, 1954; Earsner, Levin and 
Palmer, 1954; and Roth et al., 1956), but effect of these drugs on peptic activity, 
however, remains uncertain. Singh, Zaidi and Balkrishna (1958) showed a positive 
relationship between increased peptic activity and ulceration. The action of 
anticholinergic drugs on peptic activity in relation to histamine-induced ulceration 
has, therefore, been investigated. Zaidi and Mukerji (1958) have pointed out the 
significance of mucous barrier in experimental gastric ulceration and an investiga¬ 
tion on the effect of anticholinergic drugs on gastric mucous secretion has also 
been conducted. 


Material and method. 

Animals .—Male guinea-pigs of average weight, 500 g. were used. 

Drugs .—The following antichohnergic compounds were investigated :— 

1. Atropine sulphate. 

2. Oxyphenonium bromide is asynthetic anticholinergic quaternary ammonium 
compound. It Is chemically diethyl-(2-hydroxyethyl)-methylammonium bromide- 
< -phenylcyclo-hexaneglycolate. 

3. Scopolamine methylbromide is the N-methyl-bromide (quaternary ammonium 
derivative) of scopolamine. 

4. Pro-banthine is a synthetic compound, /3-di-isopropylaminoethyl xanthene- 
9-carboxylate methylbromide which is a quaternary amine. 

5. Esentil is a synthetic new preparation which is 6-beta-diethylamino-ethyl- 
1 -cyclo-hexylcyclohexancarboxylate hydrochloride. 

Dqsc ,—Oxyphenonium bromide, atropine sulphate, scopolatmrie methyl¬ 
bromide, pro-banthine and esentil were dissolved in distilled water (0-5 mg./c.c.) 
and used in a single dose of one. c.c. 

Production of peptic ulcer.—Acnte peptic ulceration was produced \yith massive 
doses of histamine (50 mg.) in guinea-pigs protected wth an anti-histamimc, 
promethazine hydrochloride (Zaidi and Mukeqi, loc. ciU). 



/(!(/. .yc"'- Ill'S-, 4®> ‘^> ... 


1’I.ATE XXI 



I'lo. I. Superficial uiccralion. Complete destruction of mucosa. 
H and E y 30. 



I'lG. 2. Deep ulceration. Only thin serous layer intact H anti 
E X 30. 
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Experimental procedure. —^Thc animals w'cre divided into six groups and in 
each fasting contents were aspirated as far as possible. Group I consisted of fifteen 
animals, group II and V of fourteen each, group III and VI of thirteen each, while 
group IV had twelve animals. In all the groups ulceration ^vas produced. 
Groups II to VI were injected with 1 c,c. (0*5 mg./c.c.) of the respective anticholi¬ 
nergic drugs, while group I received I c.c. of distilled water. All the injections 
\vcre given intraperitoneally fifteen minutes before first injection of prornethazine 
hydrochloride. The animals were sacrificed four hours after the first injection. 

Histological technique. —Autopsy was performed on all the animals, gastric 
contents collected and the degree of ulceration graded, maximum score being 
hundred (Zaidi and Mukerji, loc. cit.). The index of ulceration was calculated 
according to the method of Pauls, Wick and McKay (1947). Tissue blocks were 
fixed, embedded in paraffin and cut at 5 p. Sections were stained with hsemo- 
toxylin and eosin. 

Biochemical tecliniejuc .—The gastric contents from each animal were centrifuged 
to remove food particles and after suitable dilution mucin was estimated (Dische, 
1947). Tree and total acidity using O'Ol N-NaOH and Topfer and phenolphthalein 
as indicators rvas titrated and peptic actixity determined by Mett Tube method 
(Hawk et al., 1947). 

Results, 

Histopathology: 

Gross appearance. —The naked-eye examination of the stomach in situ in 
groups I to VI showed in some animals ulceration of varying d-'gree and extent 
in fundus and pylorus, rvhile the mucosa of other animals had normal appearance'. 
In group I, thirteen animals had ulceration and the rest two showed only conges¬ 
tion. In group II, all the animals, except one which had ulceration, were normal. 
• In group III six animals showed complete protection from ulceration, while the 
remaining seven -were ulcerated. Groups IV, V and VI had five, three and two 
animals out of twelve, fourteen and thirteen, respectively, which were completely 
protected from ulceration. Protected animals showed smooth outer surface and 
normal gastric mucosa. The degree of ulceration in control group I was maximum, 
while the lowest was noted in group II. In groups III, IV, V and VI the degree 
of ulceration varied. The gastric juice in the ulcerated animals was chocolate 
brown. 

The degree and index of ulceration is shown in Table 1 and the Text-figure. 

Microscopic appearance, —^The ulcerated animals of groups I to VI showed 
varying degree of damage of the gastric mucosa. The superficial ulceration showed 
complete destruction of the mucosa (Plate XXI, fig. 1), while deep ulceration was 
accompanied by destruction of the muscularis mucosae, submucosa and muscular 
layers (Plate XXI, fig. 2). Deep ulcers were mostly present in group I. Ulceration 
was accompanied by marked congestion and diffuse infiltration with acute inflam¬ 
matory cells mostly polymorphs. The protected animals showed no histological 
abnormality. 

Biochemicalfindings.—Thc results of biochemical investigations are summarized 
in Table II and the Text-figure. 
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Table I. 

Summary of results of the degree of gastric ulceration. 


Group. 


Degree 


Fundus. 


^ULCER^OT I OF ULCERATION*: 


I 

II 

III 

IV 
V 

VI 


Pylorus. 


Fundus. 


45-3 

9-2 

IM 

18-3 

25 - 4 

26 - 4 


3 - 7 
2-1 
2-8 

4 - 2 
1-4 
1-5 


Pylorus. 


42-3 

5-9- 

9-1 

12-2 

21 - 7 

22 - 3 


3-5 

1 - 3 
1-8 

2 - 8 
1-2 
1-3 


II oyPhenoniU^bromidVjrtup^^^ ^y^ochlorid^T^^ 
scope amine methylbromide, eroL V sulphate, group IV 

esentil (ulceration ivas produMd m P™-banthine and group VI 
procedure as in group I). groups II to VI by the same 

♦Index of ulceration^g"^^ of ulceration X per cent of group ulcerated 


100 


Text-figure. 


CWOtfPl CHOUpD 


eROUPin C80UPE OliOUPy GROUPET 



onninDrR.E ACIOITV INI I Iff I PEPTIC ACTIVITV 


CZD VOLU^ 


sulphate depressed free acidity while other dru^s had httle or flTeffLt ot S“d 
content. The marked action oi these drugs, however, was on peptic actirity TO h 
oxjTjhenomum bromide, scopolamine methylbromide and Lntil no nS 
activity could be detected in the gastric contents except in one animal each fn the 
respective groups. Pro-banthine and atropine sulphate was also noted to have 
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depressant effect on the peptic activity. Under tlie present experimental condi¬ 
tions, the values of mucin in all the groups did not, however, substantially differ. 

Table II, 

Summaty of results of investigation of gastric contents. 


Group: 


I 


Number of animal: 


15 


r Mean 

Volume, c.c. •< median 
{_ range 


3-5 

2-8 

1 - 8 - 8-3 


II 

14 


3-7 

2-7 

0 - 8 - 7 - 


in IV 


13 


12 


7 


4-2 

3-4 

1 - 8 - 8-8 


4'0 

3-8 

1 - 8 - 7 - 


V j VI 
14 ! 13 


3 


4-7 

3-7 

2 - 2 - 8-3 


6-3 

4-3 

1 - 8 - 10-8 


Free acidilv 
m.cq.p 


Total acidity 
m.eq./l 


Peptic activity 
Mett Unit 


r Mean 1 
■< median > 
range 


("Mean 
■t median 
(_ range 

("Mean 
4 meadian 
range 


32-0 

34 

0-92 

52-2 

51 

5-114 

16-8 

16 

0-92 


21-8 

10 

0-62 

41-0 

34 

4-90 

1-1 

0 

0-16 


28-2 

13 

0-88 

49.0 

40 

6-115 

3-3 

4 

0-8 


41-5 

33 

10-92 

62-9 

62 

24-114 

0-7 

0 

0-6 


31-7 

47-9 

53 

56 

0-92 

) 

0-110 

41-5 ’ 

65-9 

67 ; 

60 

6-116 j 

20-138 

3-6 

1 0-3 

0 

! 0 

0-23 

O -^ 


Mucin mg. per 
cent 


r Mean 
2 median 
frange 


67-3 

42 

21-168 


68-5 

74 

0-189 


82-0 

63 

0-220 


53-6 

45 

11-126 


41-3 

36 

15-172 


62-3 

57 

32-105 


Group I histamine and promethazine hydrochloride, group II oxyphenonium bromide, 
group III atropine sulphate, group IV scopolamine roethylbromide, group V pro-bantbine and 
group VI esentil (ulceration was produced in groups II to VI by the same procedure as used in 
group 1). 


Discussion. 

Anticholinergic drugs studied for their anti-ulcer activity in pylorus ligated 
rats had a preventive action against rumenal ulceration (Shay et al., 1945- 
lAnleetal., 1947, Komarov dab, 1950; and Barrett el c/,, 1953). Our experiments 
in histamine-induced ulceration in guinea-pigs confirm the ulcer preventive action 
of anticholinergic drugs. The protection from ulceration by these drugs was of 
varying degree, maximum being achieved by oxyphenonium bromide followed by 
atropine sulphate, scopolamine methyl-bromide, pro-banthine and esentil in 
that order. -The mechanism of protection from ulceration is, however, not clear. 

Plummer et al. (1953) noted that the volume of gastric secretion in the 
Pavlov dogs induced by histamine was not inhibited by anticholinergic drug 
oxyphenonium bromide, Barrett et al. (loc. cit.), on the other hand, showed that 
it consistently suppressed the .gastric secretion in rats evoked by the subcutaneous 
injections of histamine. Atropine was also found to be an effective inhibitor of 
gastric secretion produced by subcutaneous injections of small doses of histamine 
but increased dose of histamine diminished its inhibitory effect (Gray 1937'\ 
Kirsncr and Palmer (1953) noted that scopolamine methylbromide inhibited gastric 
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Summary. 

1. Anticholinergic drugs ulropine sulphate, oxyphenonium bromide, 
scopolamine methylbromidc, pro-banthinc and escntil have been studied for their 
anti-ulcer activity in guinea-pigs in which ulceration was produced with massive 
doses of histamine protected against its toxic effects by an antihistaminic, 
promethazine hydrochloride. 

2. The maximum protection from ulceration was achieved by oxyphenonium 
bromide follorved by atropine sulphate, scopolamine methylbromidc, pro-banthine 
and csentil in that order. The mechanism of protection from ulceration has been 
discussed. 

3. Anticholinergic drugs used in the present investigations do not appear 
to cause an increase of mucous or consistently suppress the volume or free acidity 
of the gastric contents. There is, however, a marked inhibition of peptic activity. 
The degree of prevention of ulceration by anticholinergic drugs is related to the 
inhibition of peptic activity, 

The authors are grateful to Dr. B. Mukerji for his helpful suggestions in the 
course of investigations, to Mr. S. Banerji for the preparation of photomicrographs 
and to Messrs. B. L. Verma and A. K. Deb for technical assistance. The authors 
acknowledge -with thanks oxyphenonium bromide from Giba Pharma Limited, 
Bombay, scopolamine methylbromidc (Famine) from Upjohn Company, Michigan, 
U.S.A., esentil from Carlo Erba, S.P.A., Milan (Italy), pro-banthine from Messrs. 
G. D. Seailc and Co., Ltd., England and promethazine hydrochloride from May 
and Baker Ltd., Worli, Bombay-18. . 
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CHEmCAL CHARACTERIZATION OF CHAKRANINE. 

[a) Micro-analysis, XJV and IR spectra .— 

Chakranine conforms to the formula G„,H.„0,NG1; 

G H N GI 

found 64*24 6*58 3*64 9*27 

requires 64*60 6*60 3*60 9*17 

A methoxy group is indicated by Zeisel’s technique and an active hydrogen 
atom by Zerewitinoff. 

UV and IR spectra show that this compound contains a benzenoid system 
and an NH-group. The absence of any carbonyl and hydroxyl groups is also 
indicated. 

[b] Properties. —Ghakranine is highly soluble in water, ethyl alcohol and 
methyl alcohol, moderately soluble in chloroform, sparingly soluble in acetone 
and ethyl acetate and practically insoluble in petroleum ether, sulphuric ether 
and benzene. Its water solution is feebly basic to litmus. 

It gives a voluminous precipitate with most of the alkaloidal reagents. 
With FeGlg, it does not develop any blue or green colouration but the colour 
of the mixture slowly deepens, finally turning into a beautiful wine-red. With 
NaNOj and H^SO^, it gives a yellow nitroso compound which answers positive 
to the Liebermann reaction, giving a deep greenish-blue colour, thus 
indicating the presence of a secondary amino group. With AgNOg, it gives a 
voluminous white precipitate which is insoluble in nitric acid. With concentrated 
HgSO^j, there is no colouration in the cold, but on warming the solution turns 
violetish-pink; the cold solution on the addition of a few specks of potassium 
dichromate turns bluish violet immediately. With HNOg, an intense blood red 
colouration is immediately produced. With bromine-water, it gives a red 
solution, the colour of which is discharged on addition of a little sodium bisulphite; 
on addition of ammonia to this hot solution a violet colour develops. With potassium 
ferrocyanide and sulphuric acid, it gives rise to a greenish-blue colouration slowly. 
Sulphomolybdic acid gives a green colour in the cold which turns yellowish-brown 
on heating. Neutral potassium permanganate solution is decolourized immediately. 
Ghakranine reduces Tollen’s reagent only slowly in the cold, but quickly in hot. 
It does not develop any characteristic colouration with para-dimethylaminoben- 
zaldehyde. Adamkiewicz reaction was also negative. 

(c) Derivatives of Chakranine .—A picrate (m.p. 201-203°C.), an acetate 
(m.p. 253°G,) and a sulphate (m.p. 240°G.} were obtained in a pure crystalline 
form in the following manner: 

[a) Chakranine picrate .—190 mg. of chakranine dissolved in alcohol were 
made to react overnight at room temperature with 115 mg. of picric acid dissolved 
in absolute alcohol. Thereafter, the solvent was removed under reduced pressum, 
and the amorphous residue successively washed with cold acetone and water in 
order to free it from any unreacted picric acid and chakranine. It crystallized 
from methanol-water mixture as yellow, prismatic needles, m.p. 210 to 203°G. 

(^) Chakranine acetate.~25Q mg. of chakranine were intimately mixed with 
500 mg. of fused sodium acetate by grinding in a mortar, and then added in small 
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loss to 20 c.c, of acetic anhydride. The reaction mixture was carefully heated at 
a constant boiling temperature for 4 hours in a test-tube fitted with an air-condenser. 
At the end of this period, the reaction mixture was cooled, diluted with twice the 
volume of water and extracted \rith chloroform. The CHGI 3 -layer was worhed 
up in conventional manner. The acetate finally crystallized ifom a chloroform- 
ethanol-acetone mixture, in the form of small prisms, melting at 253®C. 

(<r) Ckakmnine sulphate .—^To 130 mg. of chakranine, dissolved in absolute 
alcohol, was added a slight excess of sulphuric acid solution in alcohol. The 
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Graph 2. 



Infra-red spectrmi of chakranlne. 


reaction-mixture was allowed to stand overnight at room temperature. There¬ 
after, the solvent was allowed to evaporate slowly at 50°G., when it left behind 
a syrupy liquid. This was first washed with sulphuric ether, and the ether washings 
rejected. The semi-dry residue was then kneaded with dry acetone, whereupon 
it slowly developed into colourless prisms, m.p. 240°C. 


Pharmacological characterization of chakranine. 


[d) Acute toxicity .—^This was determined in mice, average weight 18 g. to 
21 g., (i) by the intravenous route, and (m) by oral administration. 

Intravenously, all animals receiving a dose of 2*5 mg./kg. and above (5 
mg., 10 mg., and 100 mg.) succumbed instantaneously to within a period of one- 
half hour with marked dyspnoea, muscular spasms, clonic to tetanic in 
character. With 2 mg./kg. dose, there was only 20 per cent mortality during 
the period of 10 days of observation. LD 50 worked out as 0-0022 g./kg. 

When tested by mouth the results were entirely different. With a dose of 100 
mg./kg. there was no mortality and no toxic manifestations during the 10 days 
of observation. This was surprising in view of the high water solubility of 
chakranine. 


{b) Blood pressure and respiration .—In rabbits anaesthetized with urethane 
( 1.5 g./kg.) the jugular vein and trachea were canulated and blood pressure and 
respiratory movements recorded in the conventional manner. With 0-5 mg./kg. 
there was approximately 40 per cent depression in blood pressure lasting for 3 
minutes. This was associated with slight respiratory arrest followed by nearly 
20 per cent increase in the respiratory rate. With ten-fold increase in dose 
15 me /kg ) whereas the blood pressure depression was the same as with 0-5 mg./kg., 
respiration was far more affected, there being marked respiratory arrest 
IText-figure 1). After 4 to 5 minutes apnoea, however, respiratory rate in¬ 
creased by approximately 20 per cent. With 10 mg./kg. dose there was a sudden 
Tnd rapid depression of blood pressure along ^nth complete and lasting respiratory 
arrest resulting in the death of the animal. 

(c) Isolated frog heart (Rana tigrina).—There was no action on this muscle 
in dose concentration of 10-* 10-» and 10-'. With lO- there was approximately 
"op cent positive inotropism, reversible on washing. With 1 per cent solution 
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Efcct of chakranine on respiration and blood pressure of urethane-anesthetized rabbit. 

of chakranine (10-“) nearly 50 per cent positive inotropism and marked negative 
chronotropism were observed. 

(d) Direct action and antagonisms. —(i) On isolated intestine of rabbit there 
was no action in doscage varying from 10~’ to ]0~^ and no antagonism against 
acetylcholine (dilution 5x10-’) and barium chloride (dilution 2x10-*). 

(it) On isolated intestine of guinea-pig, there was, however, 100 per cent 
antagonism against histamine (dilution 5x10-®) with a chakranine dose concen¬ 
tration of 10-^. 

(Hi) On isolated uterus of guinea-pig, there was marked tonic contraction 
of uterus, reversible on prolonged washing. 

(e) Action on rabbit intestine in situ.—Studies were conducted on urethane 
anassthesized rabbits. A specially constructed socket fitted with a glass cylinder 
was used to suspend the intestinal loop on to a frontal writing lever and recordings 
taken on the kymograph. The peritoneum was filled with tyrode solution main¬ 
tained at 40'’G. The test substance was administered to the animal through the 
canulated jugular vein. 

Chakranine was administered intravenously in dosage of 0*5 mg., 1 mg, 
and 5 mg./kg. The results presented in Text-figure 2, already indicate with 1 mg, 
some increase in intestinal persistalsis which is well marked with 5 mg. This 
was unexpected in view of the previous experience with isolated rabbit intestine 
wherein a dose of 10 mg. was found to be ineffective in enhancing the contraction 
of intestinal musculature. To get calrification of this anomalous result, it was 
decided to administer as much as 100 mg. of chakranine orally, a dose found to 
be non-toxic in previous studies. The intestinal movements were recorded 
thereafter for a period of an hour and a half. No contraction of intestinal loop 
took place (vide Text-figure 2). 

Limited as these pharmacological studies are, nevertheless, some points of 
interest arise therefrom. It is difficult to explain the underlying cause of marked 
differences in acute toxicity of parentrally and orally administered chakranine, an 
alkaloid that is highly water soluble. In vitro observations on pH variations do'not 
account for this discrepancy; chakranine forms a stable solution with 10 per cent 
NaOH. The possibility of precipitation under alkaline condition in the intestinal 
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Rabbit intestine in situ: Action of chahanlns given intravenously (0‘5 mg. I’O mg, emdh'Q mg.lkp.) 

and by mouth (100 mg.jkg.) 

canal is, therefore, discounted. The inference is that for some reason yet unknown 
this alkaloid is not absorbed when given by mouth. 

The physiological activity of chakranine is characterized by a ganglion 
blocking effect, selectively exercised against the autonomous nerve pathways of 
respiratory mechanism. This is of a low order and temporary in character, the 
receptor site, in all probability, being the presynaptic nerve fibril which are 
paralysed for a short period of time. 

By direct application, in a comparatively high dose (10~^) the smooth 
muscle of the isolated uterus is stimulated, whereas a similar dose exercises a 
significant histaminolytic action on the isolated intestine of guinea-pig. In 
contrast, the isolated intestine of rabbit is unaffected, but the same organ in situ 
responds with a marked contraction in dose concentration of 5 mg.jkg. intraven¬ 
ously, whereas a twenty-fold increase of chakranine by mouth, under identical 
conditions of experimentation, is without any effect. It is justifiable to assume 
from these results that this alkaloid is, probably, excreted through the intestinal 
canal. Further pharmacological investigations are in progress. 

Antibacterial activity of chakranine. 

This was determined preliminarily by following the ditch-plate technique 
and thereafter assessed quantitatively by the serial dilution method. The results 
are presented in Tables I and II. 


Table I. 

Antibacterial spectrum of chakranine and iso-aristolochic acid. 

(Diteh-plate method.) _ 


Test organisms- 


Results 


M. byopenes var, aureus (FDA 209) 

D. pneumoniie Type II-NGTG 7466 
St. pyogenes (ATCC 8668) • 
5CmnWfln^I{NGTC3166) 

E. coli var. communis (NC 1C 86) 

F. comma Inaba (PI 1800/1) 

Sh. dysenteria var. Shiga (MRC 2101) 
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CONXENTRATION OF DRUG IN MG./C.C.: 


Test organisms. 

1-0 : 

0-5 

0-3 

0-2 ' 

0-1 

0 (control). 

M. fijost’ies var. niircus (FD/\ 209) 

X 

X 

S 

c 

c 

C 

(ATCC 8668 ) .. ' 

X 

X 

X 

s 

G ! 

j 

C 


X=No growth; S=Scanty growtli; C= Confluent growth. 


For serial dilution, 10 c.c. blood broth, containing 10 per cent rabbit blood 
was used as a medium for Str. pyogenes and an equal volume of nutrient broth for 
M. pyogenes var. aureus. 0-1 c.c. of an 18-hour old culture was the test inoculum. 
Growth or its inhibition was assessed by plating out O’Ol c.c. of the test mixture 
after 24 hours incubation at 37° C. 

It is evident from the results obtained that the antibacterial action of chakra- 
nine IS limited to only two of the Gram-positive micro-organism and the degree 
of this activity is of a low order. 

In view of the reputation which Bragantia Wallichii enjoys in the treatment 
of intestinal infections, and specially that of cholera, iso-aristolochic acid and the 
chakranine-free alcoholic extract were subjected to careful antibacterial analysis. 
The results were, however, uniformly negative, particularly against Vibrio chkera 
and the Gram-negative micro-organisms. 


Summary. 


1. The isolation of a crystalline alkaloidal principle from the roots of 
Bragantia Wallichii R.Br., has been described. This new chemical compound 
has been designated as ‘ Chakraninc ’. 

2. Some of the chemical, pharmacological and antibacterial properties of 
chakramne have been studied. 


3. The experimental data presented here does not lend support to the 

reputation which this plant material enjoys in the treatment of intestinal infections 
and other clinical disorders, '-v.tiuna 
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HYPOTHALAMIC CONTROL OVER WATER CONSUMPTION 

IN THE RAT*. 

BY 

B. K. ANAND, 

AND 

s. DUA. 

{From the Department of Physiology, All-India Institute of Medical Sciences, 

Hew Delhi.) 

[ Received for publication, August 29, 1957.] 

The role of hypothalamus in the regulation of food intake has been well 
established. Both hyperphagia and aphagia have been produced after hypothala¬ 
mic lesions as well as stimulations in unanaesthetized animals iHetherington and 
Ranson, 1940 and 1942; Brobeck, Tepperman and Long, 1943; Wheatley, 1944; 
Kennedy, 1950; Anand and Brobeck, 1951 and 1951a; Anand and Dua, 1955; 
and Anand, Dua and Shoenberg, 1955). 

Stevenson and others (1949 and 1950) observed that ventromedial lesions 
in the rat, which produce hyperphagia and obesity, also produce a reduced water/ 
food intake ratio, which they ascribed to a ' deficit in the normal mechanism 
responsible for thirst and its alleviation They called it ‘ hypothalamic hypo- 
dipsia ’. Anand and Brobeck (1951a) reported that the rats which become 
aphagic after lateral hypothalamic lesions, also show complete adipsia. Anderson 
(1952) further confirmed the hypothalamic influence by the induction of thirst in 
goats upon injection of hypertonic saline into the medial hypothalamus, and 
Anderson and McCann (1955 and 1956) later located their ‘ drinking area ’ in 
the region of dorsal hypothalamus, by stimulation studies in goats,, and producing 
electrolytic lesions in dogs. Greer (1955) has reported a case of a rat showing 
‘ violent drinking activity ’ upon electrical stimulation of lateral hypothalamus. 
Montemurro and Stevenson (1955/56) have now reported that the low water/food 
intake ratio after medial hypothalamic lesions was due to a dramatic increase in 
food consumption -jvithout any significant increase in water intake; on the other 
hand, after very tiny lesions in lateral hypothalamus, which were too small to 
decrease the food intake, the food intake remained about normal but there was a 
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reduction in water intake. They have, therefore, inferred that hypothalamic az'ea 
responsible for hypodipsia ‘ which is apparently important in the normal regulation 
of water intake ’ is situated in the same region as ‘ feeding centre More recently, 
Morrison and Mayer (1957) have reported that rats made aphagic after lesions in 
the ‘ feeding centre ’ are also completely adipsic, and this adipsia is a primary 
effect of lateral hypothalamic lesions. 

The pm-posc of the present study was, therefore, to locate more precisely the 
hypothalamic regions producing ‘ hypodipsia and thus try to clarify the hypo¬ 
thalamic regions controlling water consumption. 

Materials and methods. 


Fort}' albino rats of the strain being bred at Kasauli, weighing between 
150 and 175 g., ^vere used for this study. Thirty out of these survived up to 
the completion of the study, the remaining dying in the post-operative period. 
These were housed in individual cages at an environmental temperature of approxi¬ 
mately 85°F. They were fed ad libitum on a high carbohydrate diet with necessary 
amounts of vitamins and salts. Water was given through separate graduated 
bottles. A daily record of their food and water intake was kept both before and 
after the operation. 

Bilateral electrolytic lesions wei-e placed in different h}q)othaIamic regions 
with the aid of HorsIey-CIark stereotaxic instrument. The hypothalamus was 
divided into ten small discrete regions, and in each rat bilateral lesions were placed 
in one of these regions. The co-ordinates used for placing lesions and the hypo¬ 
thalamic regions where such lesions were produced are shown in Plate XXII, 
fig, 1. All these lesions were placed 1 mm. above the base of brain. 

Intraperitoneal sodium evipal (12 mg./lOO g, body-weight; was used for 
anassthesia. The lesions were made with a unipolar electrode, using a direct 
current of 1*5 ma. flowing for 15 seconds. After over a month these rats wei'c 
sacrificed and the true location and extent of the lesions determined histologically. 

The food and water intake values of these rats recorded for a period of 30 
days before operation have been used as controls, for comparison with the food and 
water intake values of the same rats recorded for 30 days after the operation. 


Results. 


The averages of food and water intake, and water/food ratio of the 30 rats 
(which survived the post-operative period) worked out for 30 days following the 
hypothalamic lesions, have been compared with the averages of these figures worked 
out for 30 days prior to the operation in the Table. It will be seen that all the 
rats after hypothalamic lesions produced some lowering of water/food ratio 
indicating that these rats did not drink as much water per gramme of food eaten 
as they did before the lesions. 

Rats after lesions placed at the co-ordinates of Ag R„ L (' feeding centre 
Anand and Brobeck, 1951 and 1951a) could not survive long enough to be ixxrhxAf^A 
in the Table. It has already been reported by us that such lesiols, in adSS to 



428 


Hypothalamus and Water Consumption. 

producing complete aphagia, also produce complete adipsia for the duration of 
survival of the animal. 


Table. 

Average of food and water intakes of rats after hypothalamic lesions, compared with 

pre-operative period. 


Location of lesions*. 

Number of 
rats. 

Duration, 

days. 

Food. 

Water. 

Water/food. 

g./rat/day. 

c.c./rat/day. 

c.c./g/.day. 

AsRjL, 

3 

30 

+ ll-21±t2.00 

18-13i0-24 

1-61 

• • 

4 

30 

+ 10-83±1-63 

]5-38i;3-68 

1-42 

A^Rj Lj ., 

3 

30 

+ ll-92±0-93 

18-64±3-67 

1-56 

A^Rgljg ., 

4 

30 

tl0-17±l-89 

tl3-05±2-59 

1-28 

AsRiLi .. 

4 

30 

+ 12-10±3-7 

iI3-224-3-96 

1-09 

AfiRgLij ,. 

2 


DIED 


A^RiLj 

4 

30 

tl0-82±l-54 

16-2l±2-26 

1-49 

A^Ra^s * • 

3 

30 

tl0-58±2-4 

16-I8±3-93 

1-53 

A^RiLji , , 

2 

30 

tll-93±0-74 

21-00±3-55 

1-76 

A^^Ral-ia • • 

3 

30 

tll-73±0-50 

16*08db2-72 

1 

1-37 

Control 






(before lesions) .. 

25 

o 

CO 

9-05±0-81 

16-95±3-49 

1 87 


*Horsley-Clarkc Co-ordinates (see Fig. 1). fStandarcl error of mean. 
JStatistically significant change from control. 


The water/food ratios were significantly lower than those of controls only 
after lesions at the co-ordinates of As R, L, (Plate XXII, fig. 2) and 
(Plate XXIII, fig. 3) i.e. in the regions which are 1 mm. anterior and 1 mm. medial 
to the ‘ifeeding centre ’, and the total daily water intake also was significantly lower 
after lesions in these two regions, as compared with controls. This decrease in 
daily water consumption was accompanied by a significant increase in the daily 
food intake after lesions at As R, L, (ventromedial nuclei—‘ satiety centre ’), 
^vhilc after lesions at A^ R^ Lj,, the food intake did not show a significant change. 
That is why, in spite of the fact that water intake decreases almost equally after 
both these lesions, the water/food ratio is decreased more after As R, L', lesions 
than after A^ R^ lesions. 

After lesions in the other hypothalamic regions, the slightly decreased water/ 
food ratio is not due to any significant change in the water consumption, but is due 
to some elevation in food consumption with little change in -water intake. 

It appears, then, that lesions in. the ‘feeding centre’ produce complete 
adipsia alongwith complete aphagia, but after lesions in other hypothalamic regions 
the total water consumption does not just follow the changes in the food intake. 
If the lesions are near the ‘ feeding centre ’ (1 mm. anterior or medial), hypodipsia 
is produced in spite of the fact 'whether food intake changes or not. If the lesions 
are further removed, there is no significant change in the water consumption, 
in spite of any change in food intake. 






Itul. jotir. Mr/!, lift., 46 3, M.'iy, IP'ilt. 


Pi.ATr, XXII. 



Optic cliiasnia 
.Sui)ia()plir mirlciis 


X'cnlronicdial nucleus 


Third ventricle 


Mammillary nucleus 


IK;. 1. Diagram of the hypothalamus of llic rat showing the Horscly-Clarke co-ordinates 
employed. 'I'lie line labelled O represents the mid-.sagittal plane of the brain. 
Lines labelled Ri, Rs, and L,, represent planes 1 mm. on either side of the 

mid-sagittal plane. Lines labelled A^, A.,, Ae, A^, anti Ao represent planes 
anterior to the zero frontal plane which runs through the c.\tcrnal auditory 
meatus. The crosses indicate different positions of the lesions produced. 



Fio. 2. Photo¬ 
micrograph of sec¬ 
tion through the 
diencephalon of 
rat 10, showing 
small bilateral 
lesions in the 
medial hypothala¬ 
mus in the plane 
of the ventro¬ 
medial nuclei 
(AgRiLi). These 
lesions are 1 mm. 
medial ■ to the 
‘feeding] centres’. 
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Plate XXIII 



Flo. 3. Photomicrograph of section through the dicncephalon of rat 13, showing 
small bilateral lesions in the lateral hypothalamus in the plane of the 
antorior hypothalamus (A 7 R 2 L 2 ). These lesions are I mm, anterior to the 
‘feeding centres’. 




li. K. Amml ami S. Dua. 

Discussion. 
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Althougii tiic regulation oi' renal water excretion has been clearly associated 
with the sujiraoptic nuclei in the anterior hypothalamus (Vcrncy, 1947), the 
regulation of water intake has not been accurately localized. 

In the normal rat, when the composition of the diet and other conditions 
ate kept constant, the ad libitum water consumption varies more or less directly 
with the amount of food eaten, Avhether this be varied by increasing the food 
requirement or by restricting its supply. After hypothalamic lesions, the animals 
failed to show this correlation of water with food intake. This has also been 
obsciwed by Montemurro and Stevenson (be. at.). Thus, the complete adipsia 
produced after lesions in the lateral hs^tothalamic regions (‘ feeding centre ’) may 
not be explainable as just due to complete absence of food intake. Montemurro 
and Stevenson sliotvcd that if tlic lesions produced in this region arc very tiny, 
they do not produce any change in food intake, but lead to hypodipsia. Greer 
(Joe. cit.), on the other liand, observed in one rat violent drinking activity on 
electrical stimulation of this region. Morrison and Mayer (loc. cit.) have also 
suggested that the adipsia occurring along^\•ith aphagia is a primaiy effect of 
lateral h^’pothalamic lesions, 

'IVc have also obscrt'cd that if the h)q)othalamic lesions arc produced near 
about the ‘ feeding centre ’ (1 mm. medial or anterior), they lead to lowered water 
consumption (hj'podipsia), in spite of w'hcther the food intake increases or remains 
normal. Montemurro and Stevenson (loc. cit.) had observed that medial hypo¬ 
thalamic lesions do not decrease daily w'atcr consumption, but only lower the 
water/food ratio by increasing food intake without a concomitant rise in water 
consumption. 

Lesions further removed from here do not significantly change water 
consumption, whether food intake increases or not. Small lesions in the region of 
supraoptic nuclei also did not increase urinaiy excretion and water intake (diabetes 
insipidus). 

It is thus evident that the hypothalamic region controlling food intake 
(‘ feeding centre ’) and its surrounding regions, together constitute a neural 
mechanism responsible for thirst and its alleviation. As this mechanism is not 
restricted to a small spot but occupies a comparatively bigger area, different 
workers have located it in slightly differing regions, which all could be included in 
this area. Montemurro and Stevenson (loc. cit.) and Morrison and Mayer 
(loc. cit.) have located their ‘ thirst centre ’ in the same area as ‘ feeding centre 
Stevenson (loc. cit.) located it in medial hypothalamus, and Anderson and 
McCann (1955 and 1956) located their ‘ drinking area ’ in the region of dorsal 
hypothalamus. 

There is little doubt that a close relation between water regulation and 
energy metabolism exists. It seems possible that an integrated regulation of both 
these essential functions is situated in the same area within the hypothalamus. 

The exact nature of the stimulus to this area and the mechanism by which 
it responds to produce a physiological effect require further investigation. Evidence 
has been presented in favour of anosmotic stimulus, as Anderson (loc. cit.) produced 
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immediate polydipsia in the conscious goat by intrahypothalamic injections of 
hypertonic saline. 


Summary. 


1. With the use of the HorsIey-GIarke stereotaxic instrument, electrolytic 
lesions were placed at various bilateral loci in the hypothalamus of the albino rats. 
Variations in water and food intake produced as a result of these were compared 
with controls. 

2. i^ter hypothalamic lesions the rats fail to show the correlation of water 
with food intake, observed in normal animals. 

3. Lesions in the lateral hypothalamus (‘ feeding centre ’) in addition to 
complete aphagia also produce complete adipsia. Lesions near about this region 
(1 mm. medial or anterior) produce hypodipsia irrespective of increase in food 
intake. Lesions further removed from this region, do not significantly change 
water intake in spite of changes in food intake. 

4. It is concluded that the hypothalamic region controlling food intake and 
its surrounding regions, together constitute a neural mechanism responsible for 
thirst and its alleviation. 
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NICOTINIC ACID-TRYPTOPHAN METABOLISM IN MAN. 
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{From the Department of Physiology, Presidency College, Calcutta.) 


[Received for publication, September 3, 1957.] 

The increased urinary excretions of nicotinic acid, quinolinic acid, N’- 
methylnicotinamide and 6-pyridone, after the administration of tryptophan in 
man, have been reported by several workers (Perlzweig et al, 1947; Sarett and 
Goldsmith, 1950; Rosenthol, Goldsmith and Sarett, 1953; Goldsmith et al., 1952). 
Studies made by Kallio and Berge (1949) have indicated that kyneurenin probably 
is also a precursor of nicotinic acid. Other metabolites of tiyptophan, such as 
anthranilic acid and 3-hydroxyanthranilic acid, etc., have also been demonstrated 
in urine (Reddi and Kodicek, 1953; Dalgeleish, 1955; Brown and Price, 1956 
and 1956 a). Studies on the urinary excretions of different metabolites of nicotinic 
acid and tryptophan, however, as mentioned above, after a dose of tryptophan 
have not been undertaken in the same individual so far which prompted the authors 
to undertake the present investigations. 

Experimental. 

Ten adult males from the research students of the laboratory were selected 
for the study. Their ages varied between 19 and 26 years. They ate their usual 
diet but the quantity and quality of food did not vary during the experimental period. 
The 24-hour urine was collected in a bottle containing 10 c.c. toluene and complete 
collection of urine was checked by estimation of creatinine. Normal urinary 
excretions of different metabolites were determined for two consecutive days. At 
the end of second day’s collection they were fed 5 g. of DL-tryptophan which was 
again repeated after 24 hours and 24-hour urine were collected daily for three 
subsequent days. Nicotinic acid and amide, quinolinic acid, N’-methylnicotina- 
mide, 6-pyridone, tryptophan, kynurenin, anthranilic acid and 3-hydroxyanthra¬ 
nilic acid were estimated by the methods mentioned as follows. 

(431 ) 
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Estimation of jiicotinic acid. —^Nicotinic acid was estimated according to the 
method of Banerjee, Ghosh and Bhattachaiya (1948) as modified by Nand and 
Banerjee (1949) in our Laboratory. 

Estimation of quinolinic acid. —Quinolinic acid was estimated by the method 
ofSarett (1951). 

Estimation of N'-methylnicotinamide. —N’MN ^vas estimated by the method of 
Carpenter and Kodicek (1950), slightly modified by us to avoid interference with 
riboflavin. 

Estimation of ^-pyridotie. —6-pyridone was estimated by the method of Rosen, 
Perlzweig and Leder (1949). 

Estimation of tryptophan, kynurenin, anthranilic acid and i-hydroxyanthranilic acid .— 
These substances were estimated by paper chromatography according to the 
method of Dalgeleish {loc. cit.) suitably modified to give fairly quantitative results. 
Tryptophan metabolites in urine were adsorbed on de-activated charcoal, eluted 
with aqueous phenol, the eluate concentrated, fractionated by paper chromato¬ 
graphy, sprayed with Ehrlich’s reagent to develop colour and the colour estimated 
by photo-electric densitometer. 

Recovery experiments undertaken indicated that the method employed is 
fairly quantitative as 88 to 96 per cent of the substances added to urine samples 
could be recovered. 

The results of the different analyses arc given in the Tabic:— 


Table. 


Twenty-four-hour urinary excretion of metabolites of nicotinic acid and tryptophan 
in mg. in normal men fed tryptophan for two consecutive days. 


(Average excretions of 10 men.) 


Nicotinic acid and 
amide 

Quinolinic acid 
N’MN 

6-Pyridonc 
Tryptophan 
Kynurenin 
Anthranilic acid 
3-Hydroxy-anthraniiic 
acid .. 


Before 

feeding 

tnnptophan. 


AriTiR FEEDING 5 G. DL-TRYPTOPIIAN FOR 2 CONSE- 
CUTIVE days; 


I Day. 


2 Day. 


3 Day. 


4 Day. 


4-78db-25* 
4-]2±-55 
6-49±-53 
4-97±-94 


7-63±-47 ! 9-46±-52 
10-7 ±-45 16-2 ±-7I 

13-32±l-03 22-4 ±'109 
.:i: , 34-3 ±3-93, 46-9 ±-332 

61-1 ±3-564048 ±34-6 jl481±63-2 
Abesnt 250-5±I5-6 ;295'7±23’7 


Absent 


Absent 


Absent 161-5±13-2 


Absent 
220-2±I2-8 


7- 7G± 

8- 65± 
15-3 ± 
34-8 ±3 

386±20 

Absent 

Absent 

Absent 


■44 5-96± ■ 

•71 6-93± ■ 

• 75 ; 9-38± • 
■16, 23-6 ±1- 
•2 jl48-7 ±7 
Absent 
Absent 

Absent 


47 

22 

43 

7 


*Mcan±Standard error. 
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Discussion. 

Normal men excreted in their urine nicotinic acid and amide, quinolinic 
acid, N’-methyInicotinamidc, and 6-pyridonc. All these substances were excreted 
in increased amounts after feeding DL-try^ptophan. 

Using Dalgelcish {loc. cit.) method of paper chromatographic analysis of 
the metabolites of urine, developing chromatograms with Ehrlich’s reagent and 
reading the intensity of chromatogram by photo-electric densitometer, it has been 
concluded that this method is quite suitable for quantitative estimations of 
ti-yptophan, kynurenin, anthranilic acid and 3-hydroxyanthranilic acid. The 
average daily excretion of tl■y^Jtophan in undosed subjects was 61T mg. These 
figures ^vere higher than the figures reported by Frankl and Dunn (1947) \vlio 
determined tryqitophan microbiologically and lower than the figures reported by 
Albancse and Frankslon (1945) who had used chemical method. We have estima¬ 
ted tryptophan by chromatography which is superior to chemical method. The 
urine might have contained some D-tiyptophan which is not metabolized in the 
body and so our figures were higher than those reported by microbiological proce¬ 
dure. Urinary excretion of tryqitophan reached the highest level on the day 
following, second dose of tryptophan; this was also excreted in increased amounts 
in urine, but considerably diminished on the third day and came to normal level 
on the fourth day. 

Normal men did not excrete kynurenin, anthranilic acid and 3-hydroxyn- 
thranilic acid in urine. After tryptophan feedings urine contained on the 
immediately following day considerable amounts of kynurenin and 3-hydroxyan¬ 
thranilic acid. These substances disappeared on subsequent days. Urine did 
not contain any anthranilic acid even after tryptophan feeding. Reddi and 
Kodicek {loc. cit.), with the help_ of paper chromatography, have detected kynurenic 
acid, 3-hydroxyanthranilic acid, kynurenin and tryptophan after tryptophan 
dosing. They have not mentioned the urinary excretion of any tryptophan 
metabolite before tiyptophan feeding. Brown and Price (1956a) have determined 
anthranilic acid glucuronidc, 0-aminohippuric acid, anthranilic acid, acetyl- 
kynurenin and kynurenin in human urine by column chromatography. Their 
findings agree with us in respect to absence of anthranilic acid in urine both before 
and after tryptophan administration. They could, however, detect kynurenin in 
undosed human urine which we could not by our method of paper chromatography. 
According to Brown and Price (1956a), 24-hour urine contained roughly 1-4 
micromoles of kynurenin which might have been too low to be detected by our 
method. Of the different metabolites of nicotinic acid excreted in urine the 
excretion of 6-pyridone was maximum after the feeding of tryptophan. 

The average tryptophan content of the daily diet of individuals was 3g 
as determined microbiologically in our laboratoiy. With the amount of trypto¬ 
phan in the diet urine did not contain any kynurenin and 3-hydroxyanthramlic 
acid which indicated that either tryptophan was metabolized beyond the stages 
or assimilated by the tissues. When load doses of 5 g. of DL-tryptophan were 
orally administered, kynurenin and 3-hydroxy anthranilic acid appeared in urine 
only on days following feeding, indicating that these metabolites of tryptophan 
could not be completely metabolized into either nicotinic acid or carbon dioxide 
and water. 
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Summary. 


1. Twenty-four-hour urinaiy excretions of nicotinic acid and amide, quino¬ 
linic acid, N-’methylnicotinamide, 6-pyridone, tryptophan, kynurenin, anthranilic 
acid and 3-hydroxynathranilic acid were determined in 10 adult men before and 
after the feeding of 5 g. DL-tryptophan, on two consecutive days, 

2. Normally, urine contained nicotinic acid and amide, quinolinic acid, 
N’-methylnicotinamide, 6-pyridone and tryptophan and excretions of these 
metabolites were increased after the feeding of tryptophan. The increase in the 
excretion of 6-pyridone was maximum. 

3. Kynurenin and 3-hydroxyanthranilic acid which were absent in urine 
appeared after the feeding of tryptophan. Anthranilic acid could not be estimated 
in the urine even after the administration of tiyptophan. 


The authors would like to acknowledge the financial assistance of the Indian 
Council of Medical Research for the present investigation. 
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STUDIES ON PROTEIN AND CARBOHYDRATE METABOLISM 
AS AFFECTED BY VITAMIN B,, AND FOLIC-ACID 
DEFICIENCY IN RATS. 

BY 

MAYA MUKHERJEE {me BANERJEE), 

AND 

SAGHGHIDANANDA BANERJEE. 

{From the Department of Physiology, Presidency College, Calcutta.) 

[Received for publication, September 23,1957]. 

Attention has recently been drawn on the probelm relating to inter-relation¬ 
ship between metabolism of proteins and vitamins and of carbohydrates and 
vitamins, 

Hsu and Combs (1952) reported that in vitamin B.^-deficient chicks, there 
was increased blood levels of non-protein N, urea N, amino acid N, creatinine and 
uric acid. Zucker and Zucker (1948) also observed increased blood non-protein 
N in vitamin B,j-deficient rats. While Sahasrabudhe and Rao (1951) reported 
enhanced synthesis of liver protein and liver nucleic acid after injection of 
vitamin in rats, Ling and Chow (1952) and Rasch etal. (1955) could not find 
any change in the protein content of the liver of vitamin Bj^-deficient rats or after 
administration of the vitamin. 

In folic-acid deficiency blood uric acid is high which is markedly decreased 
after administration of folic acid (Zumoff, 1953). Dinning and Day (1949) 
reported that folic acid was in someway involved in creatine formation through 
its action on glycine metabolism. ® 

Ling and Chow (1954) observed hypoglycemia and diminished glucose 
tolerance m vitamin Bj^-deficient rats. They also observed (1953) decreased 
sulphydryl groups in blood of vitamin B.^-deficient rats. Williams et al. (1949) 
reported that there is an inverse relation between folic-acid content of the diet 
and the blood glucose. Bruemmer et al. (1955) observed that sivcoe-en rnnmnt 
of liver of vitamin B,„-deficient rats was greatly diminished. ° 

The above r&um^ indicated inter-relationship of protein and carbohydrate 
metabolism with vitamin and folic acid nutrition. The present investigation 
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was undertaken to study the protein and carbohydrate metabolism as influenced 
by the combined deficiency of viamin „ and folic acid. 

Experimental. 

Weanling male rats weighing between 30 g. and 35 g. were fed a diet free 
from folic acid and vitamin (Fatterpaker et al., 1955j. The diet contained 
iodinated casein at 3 per cent level and 1 per cent of sulfasuxidine. It took about 
5 weeks for the development of the combined deficiency of vitamin B,„ and folic 
acid. The normal control animals received in addition to the folic'acid and 
vitamin B,„-deficient diet, a daily oral supplement of 0-5y vitamin B,„ and 8y 
folic acid per animal. A high mortality rate ivas noticed in the deficient animals. 
A group of 5 rats was housed in one metabolism cage and their 24-hour output 
of urine was collected in flasks containing 0-5 c.c. concentrated hydrochloric acid 
and 1 c.c. toluene. The different nitrogenous constituents of urine were determined 
in the normally fed animals and in animals during the progress of combined 
vitamin deficiency. 

The deficiency in these vitamins was established by erythrocyte count and 
determination of haemoglobin (Palmer, 1918). Deficiency of folic acid was further 
established by the microbiological assay of the folic acid and citrovorum factor 
contents of the liver (Flynn et al., 1951; Sauberlich and Baumann, 1948; 
Sauberlich, 1949). 

Twentyfour-hoiir urinary excretion of nitrogenous end-products in normal and deficient 
rats. —Total non-protein N was estimated by the determination of the niti'ogen in 
an aliquot of protein-free filtrate by the micro-Kjeldahl method. 

Urea N was estimated by treating an aliquot of urine with urease and 
determining the nitrogen by the micro-Kjeldahl method. 

The amino acid N present in urine was estimated by the method of Pope 
and Stevenson (1939) as modified by Albanese and Irby (1944). 

Creatinine and creatine in urine were estimated by the method of Folin 
(1914) as modified by Bonsnes and Taussky (1945) and Peters (1942). 

Uric acid was estimated by the method of Benedict and Franke (1922). 

Estimation of total protein, non-protein jV and glucose contents of blood, and glycogen 
and total protein contents of liver and glycogen content of the muscles of normal and deficient 
Yats .—^Blood was collected by cardiac puncture in tubes containing oxalate. The 
normal and deficient animals were killed by decapitation after they were fasted for 
18 hours. Livers were removed, a portion weighed immediately, dropped in a 
tube containing heated 30 per cent potassium hydroxide for digestion and final 
precipitation of the glycogen with alcohol. Another aliquot of liver was weighed, 
and a 20 per cent homogenate was prepared in 0-1 M acetate buffer of pH 4*5. 
This homogenate was utilized for the determination of folic acid and citrovorum 
factor, total protein and moisture content. 

Total non-protein N of the blood was determined in protein-free blood filtrate 
by the micro-Kjeldahl method. Total protein of blood ivas determined by the 
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Table II. 


Twentyfour-hours urinary excretions of nitrogenous end-products of protein metabolsim 
by rats during the progress of combined deficiency of vitamin and folic acid 

(4 groups of rats, each group containing 5 rats, were taken). 

(Figures are expressed in mg. per 100 g. body-weight per 24 hours.) 



Days a 

FTER PLACING THE RATS ON THE DEFICIENT DIETS: 

7 

14 

21 

28 

35 

("Normal 

*70-l±2-6 

68-6±3-l 

7l-4±13-7 

73-2± 2-8 

72-0 

Non-protein nitrogen -1 Deficient ., 

107-6±9-4 

n9-2±9-5 

l73-2±26-3 

252-0±I9-4 

, 360-2 

[t 

3-83 

5-05 

2*17 

9-12 


f Normal 

37-2±2-4 

39-0±2-7 

39-0± 1-4 

40-4± 2-4 

41-2 

Urea nitrogen Deficient ,, 

46-4±4-5 

61-0±l-7 

I05-]±!2'4 

172-8±20'6 

241-8 

u 

1-81 

6.89 

5-31 

6-37 


f Normal 

I9-6±2-5 

19-2i2-3 

20-2± 1*9 

22-I± 2-1 

22-3 

Ammonia nitrogen Deficient .. 

26-3±2-7 

26-5i3-9 

36-4± 2-6 

50-8± 2-5 

92-6 

l< 

1-83 

I-6I 

5-09 

8-72 


f Normal 

l-3±0-0 

l-5±0*0 

l-0± 0-0 

l-0± 0-0 

0-9 

Amino acid nitrogen -< Deficient .. 

l-6±0-5 

2-5±0-0 

2-7± 0-2 

3-8± 0-8 

5-3 

It 

1-07 

I-O 

7*45 

3-33 


("Normal 

I-4±0-0 

U4±0-I 

1.4i 0.1 

I-6± 0-2 

1-7 

Creatinine 4 Deficient .. 

l-4d:0-l 

l-8±0-0 

1.9± 0.0 

2-6± 0-4 

5-7 


0 

3-63 

7-14 

4-0 


r Normal 

0-4±0-2 

0-8±0-0 

0-5± 0-0 

0-6± 0-0 

0-7 

Creatine Deficient .. 

0-4±0-l 

0-8±0-0 

0-5i: 0-0 

0-6i: O-I 

0-7 

\t 

0 

0 

0 

0 


f Normal 

0-4±0-2 

0-5±;0-0 

0-4± 0-1 

0-4± 0-1 

0-5 

Uric acid < Deficient .. 

0-5±0’l 

0-7±0-0 

0-9± 0-0 

l-0± 0-1 

2-0 


0'43 

0-2 

7-14 

5>66 



* MeaniS.E. 


Table III. 

Protein content of liver and protein and non-protein jV levels of blood in normal and 
vitamin andfolic acid-deficient rats. 


Ln'ER PROTEIN, G./lOO G. 

DRY liver: 

I 1 

Blood protein, G./100 C.C. I 
1 blood: I 

1 Blood non-protein N, mg./ 

1 lOO C.C. BLOOD: 

Normal (16). 

j Deficient (16), j 

Normal (16). 

Deficient (16). 

Normal (11). 

Deficient (11). 

*90-49±1-80 I 
t 1-27 1 

93-55±l'60i 

[ ! 

i ; 

23-83±I-25 

1-89 

1 

1 

26-59±0-75 I 

j 

30-62i0-28 

5-76 

[ 39-U±U44 

1 

1 


*MeaniS.E. Figures in parenthesis indicate the number of animals. 
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Table IV. 

Blood sugar values of rats before and 2h hours after the feeding of glucose in normal 
and vitamin and folic acid-deficient rats: 

Blood glucose (mg. per 100 c.c, blood.) 


Before the feeding of glucose; Two and half hours after the feeding of 

■ glucose: 


Normal (a) (18). i 

Deficient (b) (10), 

j Noraml (c) (10). 

Deficient (d) (10). 

*79*1±1*72 

> 26-8±l*94 

j 77*3±2*28 ' 

87-2±5'60 


t VTikic beuveen (a) and (b) .. 20*17 

t „ „ (c)and{d) 1*64 

t „ „ (a) and (c) 0*63 

t „ „ (b) and (d) ., 10*20 


*Mean±S.E. Figures in parenthesis indicate the number of animals. 


Table V. 

Glycogen content of liver and muscle of normal and vitamin andfolic-acid 

deficient rats. 

Glycogen (g./lOO g. liver.) 


Glycogen content of 

LIVER OF RATS NOT FED 
GLUCOSE: 

Glvcooen content of 

LIVER OF RATS, KILLED 
i HOURS AFTER FEEDING 

OF glucose: 

Glycogen content of 

SfUSCLE OP RATS NOT 

FED glucose: 

Glycogen content of 

MUSCLE OF RATS, KILLED 

24 HOURS AFTER THE 
FEEDING OF glucose: 

Normal (a) 
(18). 

Deficient (b) 
(10). 

Normal (c) 
(10). 

Deficient (d) 

(14). 

Norma! (a) 

(21). 

Deficient (b) 
(10). 

Normal (c) 
(10). 

Deficient (d) 
(14). 

•0*482±0'H 

iii£3Sii;i 


0*053±0-01 
---- 

0-098±0*10 

0*155±0-02 

0*128±0*03 

0*I19±0*02 


t value between (a) and (b) 
t „ „ (c) and (d) 

t „ „ (a) and (c) 

t j. „ (b) and (d) 


2*90 

2*20 

0*41 

0*34 


t value between (a) and (b) 
t » » (e) and fd) 

t M j) (a) and (c) 

^ » j> (b) and (d) 


0*57 

0*27 

0*30 

1-20 


•Mean±S.E. Figures in parenthesis indicate the number of animals. 


vitamin and folic acid-deficient rats suggest that these vitamins are concerned 
in protem metabolism. No change in the protein values of liver and blood was 
observed in vitarmn-deficient rats. This is in support of the observations of Ling 
and Chow (1952), Rasch et al. [loc. cit.) who did not observe any chanffe in 
protem content of hver of vitamin B,,-deficient rats. The blood non-protein N 
mcreased significantly in combined vitamin and folic acid-deficient rats which 

of H» and Combs (Icc. at.) and Zucker 
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A significant decrease in fasting blood sugar values was observed in vitamin 
B,j-folic acid-deficient rats. Even hours after the oral administration of 
glucose, the blood sugar levels in deficient animals were higher than the fasting 
levels, although in the normal animals the blood sugar value came down to normal 
level hours after the feeding of glucose. This indicated defective utilization of 
glucose in combined deficiency of wtamin B,, and folic acid. Ling and Chow 
(1954) also observed hypoglycemia and diminished glucose tolerance in vitamin 
B, 2 -deficient rats. The glycogen value of the liver of the combined vitamin B,„ 
and folie aeid-deficient rats decreased significantly. This value could not increase 
after the administration of glucose suggesting thereby, that these two vitamins 
play some part in the deposition of glycogen in the liver. The low fasting blood 
sugar of the deficient animals, therefore, is not due to the defect in the liver 
glycogenolysis. The muscle glycogen content is not altered in deficient animals, 
but the deopsition of glycogen in the muscle of deficient animals did not increase 
after the administration of glucose. The low glycogen content of the muscle of 
normal animals is likely to be due to the fasting of the animals for 18 hours. A 
decrease in reduced glutathione and ergothioneine was observed by Register (1954), 
and Ling and Chow (1953) in vitamin B,„-deficiency. This, in turn, may 
affect the normal synthesis of insulin as insulin molecule contains cystine, an 
important source of which is glutathione, leading to diminished secretion of insulin 
and consequent defective utilization of glucose. 

Summary. 

1. Combined deficiency of vitamin B,, and folic acid was produced in 
weanling rats by feeding a diet deficient in above vitamins and containing iodinated 
casein and sulfasuxidine. 

2. The urinary excretions of different nitrogenous constituents, such as 
non-protein N, urea N, uric acid, amino acid N, creatinine and creatine, were 
estimated during the progress of the combined vitamin deficiencies. All the 
nitrogenous constituents except creatine were excreted in increased amounts in 
vitamins-deficient animals. 

3. Glucose, total protein and non-protein N content of blood and total 
protein contents of liver were determined in normal and deficient animals. No 
change in protein content of blood and liver could be obtained in the deficient 
animals. The non-protein N of blood was high and the fasting blood sugar level 
was low in the deficient animals. 

4. Glucose content of the blood hours after the oral administration of 
glucose was determined in the normal and deficient animals. While, in normal 
animals the blood sugar value was similar to the fasting blood sugar value, the same 
in deficient animals was significantly higher. 

5. Glycogen content of liver and muscle was determined both before and 
2?- hours after the oral administration of glucose in both the normal and deficient 
animals. The deficient animals showed a very low glycogen content in the liver 
■yvrhich did not increase after the administration of glucose. The muscle glycogen 
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of the deficient animals %sfas unaflcctcd and did not change after the administration 
of glucose. 

6. Implications of these observations have been discussed. 


Leucomtoc cilrovonm culture ^vas kindly supplied by Lcderle Laboratories 
(India) Ltd. Financial assistance of Indian Council of Medical Research is grate¬ 
fully acknowledged. One of the authors (M.M.) received the ICalyan Kumar 
Mukherjee Research Scholarship of the Calcutta University. 
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THE INFLUENCE OF SOME AUTONOMIC DRUGS ON THE 
ACTIVITY OF THE SPONTANEOUSLY BEATING ISOLATED 
FROG’S HEART AND ITS SINO-AURIGULAR CHAMBER. 

BY 

C. L. PATHAK, M.D. 

{From the Department of Physiology, S. M. S. Medical College, Jaipur, India.) 
[Received for publication, September 24, 1957.] 


Introduction. 

The most plausible hypothesis for the initiation and maintenance of cardiac 
rhythm is the operation of acetylcholine synthesis destruction cycle (Bulbring 
and Burn, 1949; Spadolini and Giachetti, 1956 (quoted by Burn, 1956). 
Experimental evidence based on the presence of acetylcholine (Burn, 1953-54), 
choline acetylase (Gomline, 1946) and cholinesterase (Briscoe, 1954), and also 
the evidence of release of acetylcholine in the perfusate (Briscoe and Burn, 1954) 
and in the heart lung preparation of dog (Burn, 1954) along with the demonstration 
of excitatory effect of acetylcholine (Sachs, 1937; Rothberger and Sachs, 1938; 
Welsh, 1938; Spadolini and Domini, 1956 (quoted by Burn, 1956); Hoffmann etal., 
1954; McDowall, 1954; Burn and Vane, 1949; Briscoe and Burn, 1954), its depo¬ 
larizing property (Sampson Wright, 1952), its ability to cause localized pacemaker 
potentials develop into conducted action potentials (Marshall and Vaughan 
Williams, 1954) and its relationship to experimental arrhythmias (Burn, Vaughan 
Williams and Walker, 1955) has considerably substantiated the acetylcholine 
hypothesis. Evidence has also been advanced in support of the hypothesis on the 
basis of the effect of anti-cholinesterase drugs. 

During the course of investigating the mechanism of action of a drug on 
isolated frog’s heart, certain important observations were made in connection with 
the effect of some autonomic drugs. As these observations were rather unexpected, 
interest was aroused to undertake a detailed study. The results so obtained serve 
as additional evidence in favour of the operation of acetylcholine cycle to maintain 
cardiac rhythm and also give additional facts which have to be explained by any 
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other h^'polhcsis which may be proposed later in this connection. This work is 
incorporated in the present paper. 

Material and methods. 

The frog’s heart was considered to be the most suitable one for this purpose 
as the natural pacemaker in the sinus is easily accessible and the main ganglionic 
station (the crescent) is clearly visible as a gray line. The experiments were, 
therefore, conducted on isolated frog’s whole heart and the isolated sino-auricular 
chambers. The heart was perfused with oxygenated Ringer at a pH 7-2 to 7*6, 
after introducing a Syme’s perfusion cannula through the inferior vena cava and 
tjdng the ligature over the cannula. To obtain the isolated sino-auricular chamber 
the auriculoventricular groove was tied and the ventricle was removed. The 
duplication of observations on the isolated sino-auricular chamber was useful for 
analysing the influence of the drug on the auricular and the ventricular responses. 
The perfusion pressure was maintained strictly at a constant level of 2 cm. Ringer 
by using a overflow device in order to obviate changes in the force and 
frequency of heart beat due to fluctuations in the perfusion pressure (Pathak, 
1958). To study the influence of the prolonged contact of various concentrations 
of the drugs, the isolated frog hearts were suspended in oxygenated Ringei solution 
in a 100 c.c. bath. The mechanical records were taken on a slowly moving 
smoked kymograph paper. Each drug was studied on 15 hearts and in total 60 
heaits were used. The drug was not repeated more than thrice on any heart 
and fresh trial was only made when the heart had completely recovered from the 
effects of previous dose as evidenced by the return of the kymographic record to 
normal. The following durgs were studied:— 

1. Nicotine. 2. Homatropine and atropine. 3. Eserine. 4. Adrenaline. 

A wide range of concentration of each drugs was studied. The drugs were 
sometimes used in rather higher doses than conventional in order to obtain some 
of these results, as in lower doses some of the effects were either insignificant or 
were completely obscured. The intention during the present work was not to 
duplicate the known pharmacological actions but to find out a deviation from them. 
Hence, the use of higher than conventional dose was absolutely justified. 

Results. 

The action of each drug is considered separately in details below:— 

Micotine.- In lower concentrations nicotine caused a progressive decrease 
in the rate with a simultaneous increase in the amplitude of contraction (Text- 
figure U) in a linear fashion (the Graph). This differential effect on the inotropic 
and chronotropic responses was obtained in concentrations ranging from 0^7 
per cent to 1-2 per cent or more. These results are given in the Table and the 
Graph illustrates the relation of various concentrations to percentage change in 
the force and frequency of heart beat. Higher concentrations gave an inhibitorv 
effect on both the inotropic and chronotropic responses. The negative inotropic 
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Graph. 


o Increase in force. 
• Decrease in rate. 


Concentrations of nicotine. 

Differential effect of nicotine on the percentage change in the inotropic and chronotropic responses 

of the frog’s isolated heart. 


Text-figure 1. 


tc.\ Inhibitory effect of nicotine, (b) Differential effect of nicotine on the chronotropic and inotropic responses 
^ ' (c) Stoppage of heart beat by nicotine. 
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and the negative ciironotropic effects increased in intensity as the concentration 
or tlic total dose of the drug was increased. At higher concentrations the inhibitory 
effect on the inotropic response was quite prompt (Text-figure la). The inhibitory 
effect could produce a com- plctc stoppage of the heart beat (Text-figure Ic). 
External application of 2 to 4 per cent solution of nicotine over the crescent gave 
an inhibitory effect in 90 per cent of the trials and a negative chronotropic 
effect associated with a positive inotropic effect in the remaining 10 per cent of 
the trials, Intralumnal administration of the drug was more effective. An 
excitatory effect was also obtained in some trials. 


Table. 


Differential action of nicotine on the inotropic and chronotropic response. 


Concentration, ] 

per cent. 

j Percentage decrease | 
in frequency. 

Percentage increase 
' in force. 

0-07 

12-5 

5-5 

0-21 

25-0 

16-5 

0-28 

25-0 

25-0 

0-42 

37-5 

38-8 

0-56 

1 43-7 

44-4 

0-70 

56-2 

52-7 

0-84 

62-5 ' 

66-6 

0-98 

68-7 

83-3 

1*20 

1 

75-0 

94-4 


Homatropine or atropine. —In lower concentrations ranging from O’Ol per cent to 
0'05 per cent or more homatropine caused a progressive decrease in both the rate 
and amplitude of contraction. Higher concentrations were strongly inhibitory 
(Text-figure 2a), specially when administered intraluminally and stopped the heart 
beat. External application of 1 per cent solution of homatropine on the crescent 
resulted in a decrease both in the rate and amplitude of contraction. Dissociation 
of action on the rate and amplitude was possible, e.g., the amplitude could increase 
without any significant variation in the rate (Text-figure 2b]. Homatropine did not 
cause a simultaneous increase both in the force and frequency of beat. 


The effect of eserine in lower concentrations was similar to that of 
nicotine. Concentrations of eserine ran^ng from 0*01 per cent to 0-05 per cent 
or more showed a progressive decrease in the heart rate with a simultaneous in¬ 
crease in the force of contraction. This effect was obtained in 85 per cent of the 
trials. In 10 per cent of the trials an excitatory effect more marked on the 
inotropic response was obtained. In the remaining 5 per cent of the trials, however 
no immediate effect was noted on the inotropic or chronotropic responses even on 
repetition. This was true for some hearts even when the drug was administered 
intraluminally in as high concentration as 0-5 per cent. In the eserine responsive 
hearts higher concentrations, when used intraluminally, were strongly inhibitory 
Qext-figure 3«) and proved effective m arresting the heart beat (Texhfieure 3/;l 
The baseline was raised. /Administration of homatropine or atropine at this point 
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is, however, a clear indication that the action of these drugs may not be ‘ direct ’ 
in the real sense and may be conditioned by certain intrinsic mechanisms of the 
heart. 


In view of the hypothesis of the operation of acetylcholine synthesis-destruc¬ 
tion cycle for the initiation and maintenance of heart beat, these results assume a 
particular importance. It has been proposed that acetylcholine is synthesized 
at the pacemaker with the help of choline acetylase and when a critical level of 
acetylcholine concentration is reached a heart beat follows. The released 
acetylcholine is quickly destroyed with the help of another enzyme cholinesterase. 
Thus, a cycle of acetylcholine synthesis and destruction is supposed to operate 
to maintain cardiac rhythm. Acetylcholine is a well-known depolarizing agent 
and a correlation of acetylcholine synthesis and release with the observations 
on the electrical activity at the pacemaker (Marshall and Vaughan Williams, 
loc. cit.) is possible. Electrical studies indieate that at the peacemaker, first a small 
localized potential is developed, which on attaining a critical height gives rise to 
a conducted response. It is, therefore, possible that the released acetylcholine 
acts as depolarizing agent to set up the localized small pacemaker potential which 
reaches a critical height at a certain concentration of acetylcholine and leads to a 
conducted response. The effects of the drugs studied are discussed below with the 
above background in view. 

Effect of nicotine .—The heart was always found to be responsive to nicotine. 
External application of nicotine over the crescent gave either a pure inhibitory 
effect or a negative chronotropic effect associated with a positive inotropic effect. 
Nicotine is known to stimulate the autonomic ganglion cells in small doses and 
paralyse them in higher concentrations. In the case of the isolated frog’s heart 
the parasympathetic ganglion cells are present at the crescent and give rise to 
the post ganglionic vagal fibres. The application of nicotine over the crescent will 
cause either stimulation or paralysis of these neurones. The stimulating effect 
can be expected to lead to inhibition of the heart but the paralysis of these neurones 
cannot be expected to cause any effect on the spontaneously beating isolated heart. 
Thus, the inhibitory effeet of nicotine can be explained on the basis of stimulation 
of the parasympathetic neurones present in the crescent although the idea is not 
very convincing on closer analysis. The occasional excitatory effect of nicotine is 
difficult to explain specially in view of the fact that presence of sympathetic 
neurones has never been reported in the crescent. Even if it is argued that 
sympathetic neurones might be present at the crescent, one would have to further 
assume that they overbalance the parasympathetic neurones or one would have 
to postulate a differential sensitivity to the action of nicotine in the concentrations 
used before the excitatory effect of nicotine can be explained on the basis of its 
known pharmacological actions. It is, however, possible that the heart which 
showed the excitatory effect of nicotine was working under suboptimal conditions 
and that the acetylcholine synthesis was below normal. Under such circumstances 
the additional quantity of acetylcholine released as a results of parasympathetic 
neurone stimulation at the crescent restored optimal concentration of acetyl¬ 
choline necessary for excitatory effect and thus increased the activity of the 
heart. Another possibility regarding the excitatory effect of nicotine can be the 
possible release of epinephrine-like substance due to the action of acetylcholine 
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released as a result of crescentic stimulation. Such a phenomenon has been 
described by Hoffmann et al {loc. dt.) in atropinized hearts. It is, however, possible 
that nicotine applied externally over the crescent spread to the other parts and the 
results obtained are due to a direct action of the drug on the heart. The possibility 
of direct or indirect action of nicotine on the acetylcholine synthesis-destruction 
cycle, however, cannot be ruled out. The slowing and arrest of the beat support 
this possibility. 

Effect of homatropine and atropine .—^Homatropine caused a decrease in the rate 
\wth a simultaneous decrease in the amplitude of contraction or the amplitude 
increased without any noticeable effect on rate. Homatropine is known to block 
the action of acetylcholine presumably because of a substrate competition for the 
same receptors. A decrease in the rate leading to stoppage of the heart could be 
ex-plained by complete blockage of the action of endogenously produced acetyl¬ 
choline. The slowing and stoppage of heart cannot be explained otherwise. 
Although atropine or homatropine blocks the action of acetylcholine, it does not 
check the formation and release of acetylcholine. Hence, the acetylcholine conti¬ 
nues to accumulate. It is possible that on reaching a critial concentration the 
blocking action of atropine is more than overcome and greater depolarization 
follows which increases the amplitude of contraction. Another possibility can be 
that the particular heart in which excitatory effect of homatropine was observed 
was already producing acetylcholine in so large (quantities due to its high rate of 
synthesis that normally it was exerting some inhibitory effect. If homatropine is 
administered the inhibitory influence of acetylcholine may be blocked and its 
excitatory effect may be enforced. 

The propostion that endogenously produced acetylcholine becomes seniitive 
to atropine only after release in the blood or perfusion fluid (Burn, 1956) is not 
supported by the evidence collected in the present series of experiments; on the 
contrary, homatropine even on external application on the crescent resulted in a 
prompt slowing of the heart even to the point of complete stoppage. Thus 
homatropine did influence the spontaneous activity of the heart, which is supposed 
to be maintained by the endogenously produced acetylcholine. The mechanism 
of action of homatropine in causing the slowing or stoppage of the heart may be 
though its blocking action on acetylcholine at the pacemaker or in the conducting 
tissue but the point is that it did block the action of endogenously produced 
acetylcholine. Probably, the difference of results of the action of atropine between 
the experiments of Burn (1956) and the present experiments is due to larger rinsp 
of atropine than that used by Burn. ° 

Effects of eserine.—'Esenne administration promptly caused a decrease both 
in the rate and amplitude of contraction in 85 per cent of the trials and an excita¬ 
tory effect more pronounced on the amplitude in. 10 per cent of the trials In the 
remaining 5 per cent of the trials no effect was observed on the chronotropic or 
inotropic response. Eserine is a well-known anti-cholinesterase drug Inhibition 
of cholinesterase by eserine will result in a decrease or arrest of hydrolysis of acetvl 
choline which will, therefore, accumulate and exert its inhibitory effect 
the decrease in amplitude and rate can be easily explained on the bast.'nf 
cholinesterase property of eserine. The excitatory effect of eserine are difiwit 
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to understand unless one presumes that the hearts were working under suboptimal 
conditions and the choline acetylase sptem was not fully active. Accumulation 
of acetylcholine by the addition of eserine reactivated the choline acetylase system 
and augmented the beat of the heart. Another possible explanation is the release 
of epinephrine-like substance. The most interesting finding which defies all such 
explanations is the unresponsiveness of some hearts to the action of eserine even in 
quite high doses and the observation that a heart responsive to the action of eserine 
at one time may be completely unresponsive in the next trial. 

Effect of adrenaline. —In the case of adrenaline, also, some hearts were either 
not responsive at all or became unresponsive in some trials or the other. Those 
which were responsive to adrenaline showed both excitatory and inhibitory effects. 
It is a common belief that adrenaline stimulates the heart by raising the metabolic 
level of cardiac tissue, A raised metabolic level of the pacemaker will lead to an 
increased synthesis of acetylcholine and may cause greater depolaraization. If 
both the rate of synthesis and the quantity of acetylcholine synthesized are increased 
a quicker and stronger beat is possible specially when the cholinesterase system 
is also activated. The inhibitory effects of adrenaline also can be explained on 
the above presumption. In case the acetylcholine synthesized is very large in 
quantity and is not destroyed with an increased rate, it will accumulate and exert 
its inhibitory effects. It is, therefore, possible that adrenaline may be acting 
as a stimulant both for the choline acetylase and cholinesterase systems. 

The explanations and arguments advanced above lead to the conclusion that 
acetylcholine reactive surfaces and acetylcholine synthesizing tissue may be involved 
in the action of these drugs. Thus, the site of actions of these drugs may be the 
same as that of acetylcholine. The acetylcholine receptors may not, therefore, 
be very specific or that acetylcholine synthesis-destruction cycle may be sensitive 
to the action of these drugs so that the rate of synthesis and the quantity of acetyl¬ 
choline synthesized are readily altered. Acetylcholine in larger quantities itself 
exerts a negative catalytic action on its synthesis. The evidence collected in the 
present study strongly supports the possibility of operation of acetylcholine systhesis- 
destruction cycle for the initiation and maintenance of cardiac rhythem for 
otherwise the results are difficult to explain. 


Summary. 

The actions of various concentrations of four autonomic drugs including 
adrenaline, nicotine, eserine and atropine have been studied on spontaneously 
beating isolated frog hearts. It has been found that all the four drugs give both 
excitatory and inhibitory effects. A pure excitatory effect leading to simultaneous 
acceleration and augmentation of the heart beat was only common with adrenaline. 
The excitatory effect of atropine, nicotine or eserine was only occasional and was 
more marked on the inotropic response. The inhibitory effect of all the drugs 
can be easily obtained specially at higher concentrations. Both the inotropic 
and chronotropic responses were inhibited and the heart beat could be completely 
arrested. Neither the excitatory nor the inhibitory effect was universal. Some 
hearts were either unresponsive from the beginning or became unresponsive in 
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some trial or the other to the action of cserinc, atropine and adrenaline. The 
possible mechanism of action of these drugs has been discussed in the light of the 
proposed h)T50thcsis of operation of acetylcholine synthesis destruction cycle for 
the initiation and maintenance of heart beat. These observations lend further 
support to such a view for otherwise the results arc difficult to explain. It has 
been suggested that the site of action of these drugs may be the acetylcholine 
synthesising tissue or the acetylcholine reactive surfaces. 
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EFFECT OF DIETARY PROTEIN, CALORIES AND PYRIDOXINE 
ON GLUTAMATE-OXALOACETATE TRANSAMINASE 
ACTIVITY OF BLOOD. 

BY 

P. G. TULPULE, 

AND 

S. G. KSHIRSAGAR. 


(From the Mutrition Research Laboratories, Indian Council of Medical Research, 

Coonoor, S. India.) 

[ Received for publication, October 9, 1937.] 


Introduction, 

The function of vitamin B<; in protein metabolism is partly explained by its 
role in amino acid decarboxylation and transmination. Pyridoxal phosphate 
has been shown to be a pj'osthetic group in the enzyme systems concerned with 
these reactions (Umbreit and Gnnsalus, 1945; Lichstein, Gunsalus and Umbreit, 
1945). 

The activity of different transaminase in animal tissues has been found to 
depend on pyridoxine nutrition of the animal (Brin, Olson and Stare, 1954; 
Shwartzman and Hift, 1951; and Meister, Morris and Tice, 1953], It has been 
shown by Coldwell and McHenry (1953) that glutamate-oxalaocetate transaminase 
(GOT) of rat liver is more sensitive to pyridoxine deficiency than glutamate- 
pyruvate transaminase. Recently, Marsh, Greenburg and Rinhart (1955) 
successfully adopted the method of Tonhazy, White and Umbreit (1950) for the 
estimation of GOT in ^vhole blood. These authors concluded that in both 
monkeys and man, increase in the intake of pyriodoxine in the diet resulted in a 
significant increase in the blood levels of transaminase and vitamin Bg. Recent 
studies have added serum GOT to the list of clinically useful enzymes (La Due, 
Wroblewski and Karman, 1954; Steinberg and Ostrow, 1955). 

Tulpule and Williams (1955) have reported that on low-protein-vitamin Bg 
deficient ration, the loss of wtamin Bg in different organs of the rat was markedly 
less than in the adequate protein ritamin Bg deficient controls. However, when 
an adequate protein diet was given to protein starved animals, vitamin Bg levels 
in liver, kidneys and intestine were significantly reduced. These observations 

( 452 ) 
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Effect of Protein on Transaminase Activity of Blood. 

increased to 4 per cent as against 2 per cent in groups 3 and 4'. Group 5 was made 
comparable to group 3 with respect to pyridoxine supplement by raising the level 
of this vitamin in the diet of group 5 to 300 per cent. Group 6 did not receive 
any vitamin Bg in the diet. 

All the animals were weighed every week. Blood was drawn also every 
week by cardiac puncture from rats in each of the groups for the study of transami¬ 
nase activity. 0'5 c.c. of blood was immediately taken in I'O c.c. distilled water 
and shaken vigorously to achieve complete hemolysis. GOT activity of blood 
was estimated by the method of Tonhazy et al. {loc. cit.) with slight modification. 
Suitable blanks wei-e run in each to allow for the preformed pyruvate and keto- 
glutarate in blood. It was observed that the enzyme was stable up to 24 hours, 
when blood samples were preserved at O^G. 

After four weeks, re-alimentation was started on half the number of animals 
in each group with a view to seeing the effect of repletion with the missing nutrient 
in each of the dietary regimens under investigation. The remaining half in each 
of the groups continued to receive the same diet as before. Rats in group 1 with 
adequate protein and pyridoxine in their diet served as a positive control group 
and their diet remained unchanged throughout the experimental period. The 
information regarding the composition of diets of the animals in different groups 
before and after re-alimentation is given in Table I. Re-alimentation period 
extended to 2 to 3 weeks after the initial 4 weeks period and blood transaminase 
studies were done as before at weekly intervals. 


Table I. 

Dietary regimens before and after re-alimentation. 



Diet at start: 

Group. 

Number 
of rats. 

Protein, 
per cent. 

Pyrido¬ 
xine HCl 
Pg./lOOg. 
diet. 

Calories. 

1 

13 

20 

150 

Ad lib. 

2 

13 

20 


99 99 

3 

14 

2 

150 

99 99 

4 

13 

2 


99 99 

5 

19 

4 

300 

Restricted 50 per 
cent. 

6 

17 

4 


99 99 99 


Diet on re-alimentation; 


Number 
of rats. 


Protein, 
per cent. 


2(a) 

2 {b) 

3(fl) 

m 

4(a) 

m 

5(a) 

5(i) 

6 (a) 

m 


12 

7 

5 

8 

6 

7 

6 

8 

8 

8 


Pyrido- 
(xine HGl 
Pg./lOOg. 

diet. 


20 

20 

20 

2 

20 

2 

20 

4 

2 

4 


150 


150 

150 

150 


300 

150 


Calories. 


Ad lib. 

» » 

>> 5> 

» J5 
5) JJ 

Restricted 50 per 
Cent. 

Ad lib. 

Restricted 50 per 
cent. 

Ad lib. 









455 


^^'owth ^ ^svLTs AKr 

cent protein ] rf^ ^ ioss « 

l'T~~-r~~-^'^°^^‘^‘l ^— - rats 

COnt ^ ^ 


bj) 

.5 "”j 


■8* 

fS ‘»- 

c? j 




7^lis?^ 

. ®«S o„ ,.. “"”■ 




^ c « * * ,'~ 

e I. 6 

* s 


^ Rar^ '"'at/on. ' 6 

^ S'* to 8 p. W npQfp- 
^PprecjaJw’ ^eei r efiet^ 

note in ^he in ^^Pi^teH ^ ^^^'ioxinp ^^^epp 45 ovr'J'^ ■^°t 

=^eW:r’'- 'ia' 5,2? 

Se«i_ ”'» P« S '^«eltVyr2i„L®a V .fotj® 


SSf. fe^upa 5 ^ J ‘"2 

^^ere ^^^nta] n ^med ^ and ® ^^^restinZ 

^^iorie.^^^ZZ^n B !?Ta t-?ie 7 ^ost H'eei 



456 


Effect of Protein on Transaminase Activity of Blood. 

Blood transaminase activity .—^The results of blood transaminase aetivity are 
given in Table II, and the average values of various groups are represented in 
Graph 2. 


Graph 2. 



” 2 per cent protein, 

Vi 



20 per cent protein. 

-J-Vitamlri B 5 —Vitamin Bg 

Number of days. 


^ Value for stock rats, 
i Without supplementation. 

^ Wth supplementation. 

E£ect of different diets on blood GOT activity of rat. 



Table II. 

Blood glutamate-oxaloacetate transaminase activity of experimental rats. 
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fStandard error of the mean. 
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Effect of Protein on Transaminase Activity of Blood. 

Adequate protein diet with pyridoxine (group 1).—^For the first two weeks of the 
experiment, the rats in this group (positive control group) showed transaminase 
activity of blood well within the normal range observed in the stock rats of com¬ 
parable age (159±20 units). At the end of the third week the enzyme activity 
in tliis group increased to 219 units and then it gradually declined to 175 units in 
the next five weeks. This variation, however, was statistically not significant. 
The portein content of the colony stock diet and the diet of group 1 being almost 
the same, the initial rise in blood transaminase activity could possibly be due to 
higher level of pyridoxine in the experimental diet. That this increase in the 
enzyme activity was not due to the increasing age of the animals has been confirmed 
by observations on stock rats at the same time intervals as the experimental rats. 
The former showed a range of 158 to 176 transaminase units per c.c. of blood. 

Adequate protein diet without pyridoxine (group 2).—^Blood transaminase activity 
in this group progressively fell as the experimental period progressed. On 
comparing these results with those obtained in group 1 the decrease in activity was 
found significant only after 28 days. At the end of the seventh week the enzyme 
activity in group 2 was reduced to about one-fifth of the initial value. When 
pyi'idoxine was supplemented after four weeks to some animals in this group, their 
blood transaminase activity showed a significant rise after 14 days, i.e., on the 
42nd day of the experiment. For the significance test, the average value of enzyme 
activity in non-supplemented animals on 42nd day was extrapolated from the 
analytical data on 35th and 49th day of the experiment. This was possible because 
the fall in blood transaimnase activity in nonsupplemented group was gradual 
throughout the experimental period. 

Low protein diet with pyridoxine (group 3).—When rats were fed on 2 per cent 
protein diet supplemented with pyridoxine a sudden and significant reduction in 
blood transaminase activity was observed on 14th day followed by an appreciable 
rise in the enzyme activity on 21st day. This rise was significant when compared 
to the values on 14th day. However, when compared to the values at corres¬ 
ponding period in the control group (group 1) the enzyme activity on 21st day was 
significantly lower. After 21 days, the level of the enzyme in group 3 was main¬ 
tained constant up to 7 weeks. This initial drop in the enzyme activity followed 
by the rise which was maintained later on suggested that there existed an adaptation 
mechanism which came into play after a certain period of feeding low protein 
diet. This adaptive mechanism, however, could not fully cope with the demand 
for protein for the maintenance of transaminase acivity of the blood within the 
normal range. 

When the level of protein was raised to 20 per cent, there was a significant 
rise in blood transaminase activity after one week which was maintained at the 
higher level throughout the period of supplementation. 

It would be interesting to compare the results of group 2 (20 per cent protein, 
—vitamin Bg) and group 3 (2 per cent protein, + vitamin Bg). In group 2, tran¬ 
saminase activity of blood decreased significantly only after 28 days. When 
pyridoxine was supplemented to the diet at this stage, only a slight increase in the 
enzyme activity was observed after one week although it returned to normal at the 
end of the second week. On the other hand, when the low protein diet was fed 
with pyridoxine (group 3) the enzyme activity decreased to nearly 40 per cent 
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in. two weeks cirid cirtcrrestorcition. of nornicil protein in tlic diet tlic activity returned 
to normal within one week. Tliesc observations suggest that the apo-enzyme or 
the protein moiety of blood transaminase was dependent on dietary protein and 
responded rapidly to changes in the levels of its intake, whereas the changes in the 
co-enzyme due to ingested pyridoxine were more gradual. 

Low protein diet, without pyridoxine {group 4).—On 2 per cent protein diet the 
initial drop in the enzyme activity was almost of the same magnitude in pyridoxine 
supplemented (group 3) and pyridoxine deficient (group 4) animals. In group 4 
the enzyme activity rvas maintained at a reduced level up to 7 weeks for which 
period these experiments lasted, whereas in group 3, where the diet contained 
pyi-idoxine the activity was kept up at an elevated level after three weeks. How¬ 
ever, there was no significant difference in blood transaminase activity measured 
bet^veen 14th and 49th days in these two groups indicating that the lowered 
enzyme activity was predominantly due to low protein in tlie diet. 

In the second phase of the experiment, when protein alone was raised in 
the diet of group 4, there was no significant change in blood transaminase activity 
even after two weeks. Moreover, a slight but insignificant reduction in the 
enzyme activity was observed at this period. This was in contrast with the 
observations in group 3. Thus, it appeared that relatively small amounts of tissue 
pyridoxine in the rats fed on pyridoxine deficient diet (group 4) were gradually 
‘ used up ’ when normal protein was restored in the diet and this was subsequently 
responsible for the reduced blood transaminase activity. These observations also 
conformed to the view that the blood transaminase activity w’’as more sensitive to 
protein intake. 

Restricted calorie, low protein diets with and without pyridoxine [groups 5 and 6).— 
When calorie restriction was superimposed on protein deficiency the blood tran¬ 
saminase activity showed a gradual and significant fall throughout the experimental 
period of 7 weeks. Restoration of adequate calorie intake in this group, keeping 
protein intake constant, raised the enzyme activity significantly after 14 days 
which was maintained at this level thereafter. However, this value was significantly 
lower than that of the positive control group. On the other hand, group 6, in 
which the diet was deficient in pyridoxine, in addition to protein and calories, the 
reduced level of blood transaminase was unaffected after restoration of only calories 
in the diet. This could probably be explained by the fact that when calories were 
restored in the diet more protein was made available for its specific rather than for 
energy purposes and when pyridoxine was present in the diet (group 5) it resulted 
in the increased transaminase activity. No such rise in enzyme activity could be 
observed in group 6 where the diet was deficient in pyridoxine. 

It was observed by Kshirsagar and Patwardhan (unpublished) that in rats 
kept on 2 per cent protein diet fed ad lih. the liver transaminase activity showed 
a fall after 14 days. The superimposition of calorie restriction prevented this fall 
This beneficial effect of calorie restriction progressively diminished and was lost 
between 42 and 56 days which suggested that the severity of changes due to in¬ 
adequate protein was delayed when the calorie intake was restricted. On the 
other hand, transaminase activity in the intestine was not affected by protein 
depletion with or without calorie restriction. The present investigation seems to 
indicate that calorie restriction had no beneficial effect on blood transaminase 



462 Observations on the Chemical Composition of Human Sebum. 

All these studies reveal the importance of the skin in lipid metabolism and 
suggest that this easily accessible portion of the human body may provide a new 
source of knowledge concerning the factors that affect cholesterol synthesis. The 
concentration of serum cholesterol has now been shown to be influenced by some 
dietary factors, specially dietary fats; and by certain disease states. The study of 
the skin under these conditions may be expected to provide a clue to the under¬ 
standing of the factors underlying these changes. The present investigation is an 
attempt in this direction. 


Materials and methods. 

(a) Composition of ‘ normal ’ sebum. —Six healthy adult male volunteers between 
the age of 22 and 35 years wei'e taken up for the investigation. 

Sebum was collected by the procedure described by Mackenna et al. [loc. cit.). 
The arms were washed with soap and water and after thoroughly drying them, the 
subjects were instructed to avoid contact of the hands with any object. Exactly 
one hour after wash, the forearm was immersed up to the elbow in about 2'5 litres of 
distilled acetone kept in a tall glass cylinder. The arm was kept immersed for a 
period of 3 minutes; it was then removed and the other arm similarly extracted. 
Likewise, in the course of 24 hours, 3 sittings were given to each individual or six 
extractions made. Acetone was then removed by distillation, leaving a residue of 
the extracted fat, debris and dirt. The residue was dissolved in chloroform, the 
solution filtered and evaporated to dryness and the residue weighed. The sebum 
thus obtained was a yellow-brown plastic solid. The weighed amount of sebum 
was subsequently dissolved in 50 c.c. of chloroform and an aliquot was taken for 
the estimation of squalene and cholesterol. 

Squalene was determined by the iodometric method described by Wheatley 
(1953). For the determination of cholesterol and its ester, the method of Sperry 
and Webb (1950) was used. A sample of blood was also simultaneously drawn 
from the volunteers and serum cholesterol was estimated by the method of Sperry 
and Webb [loc. cit.). 

(b) Effect of feeding different fats. —^The volunteers were then divided into 
three batches of two individuals each. One group was given 100 g. butter (equi¬ 
valent to 85 g. of fat) daily for 10 days. The second group was given 85 g. of 
hydrogenated groundnut oil daily for 10 days, and the third group received 85 g. 
sesame oil daily for a similar period. Ten days after the high fat feed, sebum 
was collected as before and estimations carried out. At the time of this second 
collection of sebum, a sample of blood was also drawn and serum cholesterol 
estimated. 

(c) Study of sebum in pathological conditions. —^Four subjects were taken up 
for this study. Two of these were adult males suffering from nutritional cedema. 
The clinical features of these cases corresponded to the earlier description (Gopalan 
et al., 1952). In these two subjects sebum was collected as usual and samples of 
blood were also obtained for serum cholesterol estimation. The two subjects 
were then placed on a high-protein diet for one month at the end of which period, 
their clinical condition had returned to nearly normal. Sebum was again 
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collected at the end of tills treatment and at the same time blood samples obtained 
for serum cholesterol estimation. 

The third subject of this study was a young male suffering from severe 
glossitis, angular stomatitis and ocular changes attributable to vitamin B-complex 
deficiency. The fourth subject ivas an adult female suffering from myxoedema, 
confirmed by the observed marked lowering of the basal metabolic rate. In 
these two latter subjects the sebum was collected only once on admission and at 
the same time samples of blood ivere obtained for serum cholesterol estimation. 

The choice of the four subjects suffering from these three diseases was 
prompted by the following considerations. In nutritional oedema, marked lower¬ 
ing of serum cholesterol has been obseiwed, while myxoedema is characterized by 
an elevation of serum cholesterol. In vitamin B-complex deficiency, skin changes 
chai'acterized by dyssebacea are frequent, though the subject actually investigated 
here did not show any clinical evidence of dyssebacea. It was hoped that 
investigation of the slan in these conditions may throw some light-on problems 
connected wth cholesterol metabolism. 

Results. 

The results of the investigation are presented in the Table. The cholesterol 
content of sebum of normal adults varied from 2’06 to 5’47 g. per cent; the ratio 
of free and ester fractions of cholesterol varied widely from individual to individual. 
The squalene content varied from T95 per cent to 4T6 per cent. There was no 
correlation between serum cholesterol, on the one hand, and sebum cholesterol 
or sebum squalene, on the other. 

The feeding of butter and hydrogenated vegetable fat resulted in some 
increase in serum cholesterol while the feeding of sesame oil caused a fall in serum 
cholesterol. The changes in serum cholesterol observed with the feeding of different 
fats was not associated with any significant change in sebum cholesterol or squalene. 

The low level of serum cholesterol in the two cases of nutritional oedema 
and the raised level of serum cholesterol in the case of myxoedema were not re¬ 
flected by any changes in the sebum; the values for cholesterol and squalene in 
the sebum in these cases being not significantly different from the normal cases. 
Treatment with high-protein diet brought about a considerable increase in serum 
cholesterol levels in the two cases of nutritional oedema but the sebum cholesterol 
and squalene showed no significant parallel alterations. The values for sebum 
cholesterol and squalene in the case of vitamin B-complex deficiency were not 
abnormal. 


Discussion. 

Mackenna et al. (1952) reported the mean squalene content of the skin of 
the forearm to be 5 per cent with a range from 3-3 per cent to 8-7 per cent 
Boughton etal. (1957) obtained a mean value of 7T per cent for squalene for human 
arm sebum; these authors, however, pointed out that there were variations in the 
squalene content of sebum obtained from different parts of the same body The 
wide variations in the squalene content of sebum obtained from different parts of 
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THE EFFECT OF DIFFERENT FATS ON BLOOD COAGULATION. 

BY 

M. K. RAMANATHAN, 

AND 

G. GOPALAN. 

{From the Nutrition Research Laboratories, Indian Council of Medical Research, 

Coonoor, S. India.) 

[ Received for publication, October 29, 1957.] 

Introduction. 

In investigations of the pathogenesis of coronary heart disease, which are 
attracting world-wide interest today, factors influencing the development of atheros¬ 
clerosis have received most attention. Recent evidence, however, suggests that 
the presence of pathological evidence of atherosclerosis of the coronary arteries 
need not invariably signify clinical coronary heart disease. For example, the 
incidence of degenerative changes in the coronaries, as revealed by post-mortem 
examinationj in young American soldiers dying in the recent Korean War, was 
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found to be extremely high, and quite out of proportion to the incidence of coronap' 
heart disease in the American population. It would appear, therefore, that in 
the development of coronary heart disease, factors other than those_ concerned in 
the pathogenesis of atherosclerosis may also be important. In this connection, 
factors influencing the coagulation of blood may deserve consideration. 

The effects of difTcrent dietary fats on blood coagulation have been studied 
by a number of workers. The results of some of these studies have been contra¬ 
dictory. Duncan and Waldron (194-9) demonstrated shortening of clotting time 
in dogs and in human beings after ingestion of cream. Fullerton et al. (1953) 
obsen'cd a significant reduction of clotting time and stypven time, in human 
volunteers, who ^vere fed with 65 g. to 85 g. of animal fat. This was confirmed 
by O’Brien (1955), who also showed that feeding of different fats shortened the 
stypven time (O’Brien, 1956, 1957). Keys ei al. (1957) observed that after all 
fatty meals, irrespecti^'c of the degree of saturation and the source of fat, whole 
blood clotting time was significantly shortened, but not after a control carbohydrate 
meal. Maclagan and Billimoria (1956) observed that ingestion of butter, but not 
margarine shortened the postprandial stypven or whole blood clotting time. 
Hall (1956) was unable to demonstrate any difference in clotting time or stypven 
time following alimentary lipemia, after a meal rich in butter. Merskey and 
Nossel (1957) obsen^ed significant reduction of stypven time, but obtained incon¬ 
sistent results with regard to clotting time, following the ingestion of animal and 
vegetable fats. 

In the present investigation, the effects of different lipids on whole blood 
clotting time and prothrombin time in a group of human volunteers have been 
studied. 

Materials and methods. 

I. Effect of butter .—^Thirty healthy adult male volunteers between the age 
of 20 and 60 were the subjects of the investigation. Fifteen of these subjects were 
below 35 years and the remaining above 35 years of age. The investigations were 
carried out under identical conditions in all volunteers. The subjects were taken 
up for study on an empty stomach. After drawing a sample of fasting venous blood 
in a paraffinized syringe at 8-00 a.m., breakfast was given, which consisted of two 
slices of bread, 100 g. of butter (85 g. of fat allowing for 15 per cent moisture) and 
8 oz. of tea. The volunteers were instructed to complete the breakfast within fifteen 
minutes. A second specimen of blood was drawn 3 hours later. The following 
tests were carried out on the two blood samples: 

[a) Coagulation time.—Coagulation time was determined according to the 
method of Lee and White (1913) in ordinary (not silicone coated) Lee and White 
clotting tubes. One c.c. of blood was placed in each of the 4 test tubes (3x3/8 
inch) in rapid succession. The tubes were kept in a water-bath at 37 °C. and each 
tube was gently tilted once every half minute. The end-point was that which 
permitted complete inversion of the tube. The coagulation time recorded wac 
mean of readings obtained in the four tubes. 

(b) Stypven Ame.—Russel viper venom was diluted 1 in 20 000 Eoual 
volumes of platelet rich plasma, stypven and M/40 calcium chloride were iAcubied 
and coagulation time recorded. The tests were done in duplicate ip all subjects 
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{c) 'Prothrombin time using rabbits'^ brain as thromho-plaslhi.—lmica.d. of slypven, 
thromboplastin solution, prepared by the usual procedure from frcslily killed rabbits’ 
brain was used. The estimations were carried out in duplicate in 19 subjects. 

{d) Serum cholesterol. —^Total cholesterol was determined by the method of 
Abell et al. (1952) in 13 subjects. 

(r) Circulation time was determined in 14 subjects using 4 c.c. of 20 per cent 
calcium gluconate, both during the fasting state and 3 hours after the ingestion 
of 100 g. of butter. 

This investigation revealed that a number of volunteers responded to the high 
fat meal by showing significant changes in clotting time and stjpivcn time, while 
the rest did not show any significant variation in clotting time. 

2. Reproducibility of results. —^To find out if repeated observation in any 
subject gives fairly constant results, the experiment was repeated in twelve out of 
the 30 volunteers, of whom 5 had shown significant changes in clotting time and 
7 had not. 

3. Effect of isocaloric low fat diet. —^To investigate if the changes observed in 1 
above were specifically due to fat, twelve out [of the 30 volunteers were re¬ 
investigated with isocaloric low fat (fat content 6 g.) diet. The meal consisted of 
6 oz. raw rice, 3 oz. pulses, 12 oz. vegetables, 8 oz. butter milk and 2 g. oil. 
Among the 12 volunteers, 9 had already responded to butter by increased coagula¬ 
bility. The results showed that there was no variation in clotting time or stypven 
time, following a low’' fat isocaloric meal. 

4. Effect of vegetable fats. —^The effect of vegetable fats was then investigated. 
Ten volunteers, who had previously shown increased coagulability after feeding 
of butter, were taken up for the investigation. Eighty-five g. of hydrogenated 
vegetable fat (dalda) mixed well within 5 oz. of wheat flour and made into 
‘ chappattis ’ were given to the volunteers as breakfast and the changes in blood 
coagulability investigated. 

The effect of coco-nut oil was investigated in ten volunteers, of whom 
seven had peviously had butter and hydrogenated vegetable fat and the remaining 
three had had butter only. Coco-nut oil was administered in exactly the same 
manner as the hydrogenated fat in the form of ‘ chappattis ’. 

To verify that the variation in the responses to the three fats w'as not due to 
any changes occurring in the subjects with the passage of time, four volunteers 
who had responded differently to butter, hydrogenated fat and coco-nut oil were 
again investigated with butter; the sequence in which the fats were investigated in 
these four subjects being, butter, hydrogenated vegetable fat, coco-nut oil, butter. 
The response obtained with butter in the initial and final experiments >vas identical 
in all four volunteers. 


Results. 

The results of the investigations are presented in Tables I, II and III. 

1. Effect of butter.—•’When all the 30 subjects investigated with butter were 
considered together the average whole blood clotting time was 5^ 18 befoi’e, and 
4' 15^^ after the fat meal. This difference was found to be statistically significant, 
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even ^\'hen allowance was made for the differences between^ the four reading on the 
same samples, ^^^len the subjects were considered individually, the differences 
bet\veen the -whole blood clotting time before and after butter were statistically 
significant in 18 subjects and not significant in the remaining 12, The mean 
whole blood clotting time in these 18 cases was 5' 37" before and 3' 56" after the 
fat meal. Of these 18 cases, 10 -were under 35 years and 8 above 35 years of age. 

Wlule the prothrombin time using rabbits’ brain emulsion sho^ved no 
significant change as a result of fat feeding in any of the subjects investigated, the 
st-ypven time sho-wed significant reduction in the cases investigated. When all 30 
cases were considered the mean stypven time was 14'6" before the fat meal and 
13'0" after. This difference of 1*6" was found to be statistically significant (t =3-80, 
P <0*001), There was no correlation between the reduction in whole blood clotting 
time and in stypven time in the series. 

There was no significant elevation of total serum cholesterol in the cases 
investigated, at the end of 3 hours after the fat meal. There was no significant 
change in the circulation time after fat meal in the 14 cases investigated. 

2. Reproducibility of results .—^The values for reduction of clotting time and 
stypven time obtained on repetition of the investigation, -were found to be almost 
similar to the initial values in 6 of the 12 cases; in 4 of the remaining cases the 
difference between the two values was slight. The difference between the first 
and second set of values in the 12 cases investigated was found to be statistically 
not significant. 


Table I. 

Clotting time with different fats. 


Subjects — 
age, 

■years. 

B 



Reduction in clotting time in 
seconds: 


o t2 2 3 . 

n ■g. B 



21 

53 » 


0 


16 

35 

116 * 

21 

175 * 


. , , , 


17 

37 

29 

22 

+22 

+3 

• * > . 

.. 

18 

37 

17 

22 

86 * 


• • 

. . 

19 

40 

+6 

23 

47 * 


52 

120 * 

20 

43 

+ 5 

24 

8 

+5 

• • « . 

. . 

21 

45 

99 * 

24 

26 * 

+7 

45 


22 

45 

79 * 

25 

+ 17 

, , 

. • • • 

_ 

23 

47 

63 * 

26 

45 * 

+26 

127 * 75 * 


24 

47 

86 * 

26 

63 * 

5 

5 +127 

. . 

25 

49 

39 * 

26 

+ 11 

3 

• • . . 


26 

50 

+ 12 

26 

93 * 

0 

sgr * 105 * 

120 * 

27 

50 

+ 18 

27 

49 


. . 

, , 

28 

52 

173 * 

34 

157 * 

3 

60 

, , 

29 

52 

+24 

34 

84 * 

0 

+90 + 7 §. 

90 * 

30 

61 

116 * 


+262 
177 * +143 
7 83 * 


0 118 * 
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Table II, 

Stypven time with different fats. 


Subiects 

age, 

years. 

Reduction in stypven time in 
SECONDS; 

Subjects 

agc» 

years. 

REDUenON in stypven -time in 
. seconds; 

Butter. 

Isocaloric 
low fat 
diet. 

Hydro¬ 

genated 

fat. 

? • 

u 

Repetition 
of butter. 

Butter. 

U 

■p- 

. o 

o o ^ 

CO •r-t 

Hi 

Hydro- I 
genated 
■fat. 

'Coco-nut 

oil. 

Repetition 
of butter. 

] 

21 

2-5 


4-1 '0 



16 

35 

9-0 

1-0 

0-0 

4-0-5 

8-5 

2 

21 

0-0 

. . 




17 

37 

-fO-5 





3 

22 

0-0 

0*0 




18 

37 

-M-0 





4 

22 

2-5 

, , 




19 

40 

3-5 





5 

23 

0-0 

, • 


0-0 

0-0 

20 

43 

2-0 



*' 


6 

24 

1-0 

0-0 

• • 



21 

45 

5-0 





7 

24 

+0-5 

0-0 


4-2’0 


22 

45 

0-0 


4-2-0 



8 

25 

-f-0-5 

. . 




23 

47 

0-0 


4-2-5 

0-0 


9 

26 

2-5 

O'O 

6-0 

4-1-5 


24 

47 

5-0 


1-5 

1*5 


10 

26 

1-0 

1-0 

i-o 

0-0 


25 

49 

0-0 

6-0 




11 

26 

0-5 

0-0 




26 

50 

00 





12 

26 

0-0 

0-5 

0-0 

4-0-5 

6^0 

27 

50 

3-0 





13 

27 

1-0 





28 

52 

2-5 

6^0 

4-1*5 



14 

34 

3-0 

0-0 


0-0 


29 

52 

2-5 





15 

34 

0-5 

1-0 

■fl-O 

0-0 

0-0 

30 

61 

0-0 

” 

• • 




-f Sign indicates an increase in stypven time instead of reduction. 


Table III. 

Effect of high fat {butter') diet on prothrombin time {rabbits' brain emulsion), 
circulation time and total serum cholesterol. 


Prothrombin time in 
SECONDS (19)*: 

CmCUEATION mtE IN 
SECONDS (14)’^: 

TOTAL SERUM 

(13; 

1 

CHOLESTEROL 

1*: 

Initial. j 

[s hours after | 
feed. j 

Initial. | 

i 

3 hours after 
feed. 

Initial. 

I 

3 hours after 
j feed. 

14-8 j 

14-3 j 15-2 1 

1 1 1 

15-6 

' 128 mg. per 
cent. 

f 132 mg. per 

1 cent. 

i 


’’'Figures within the brackets indicate the number of cases investigated. 


3. Effect of isocaloric low-fat diet. —In all 12 cases investigated there was no 
significant change in the whole blood clotting time or stypven time after feeding 
this diet. Nine of these 12 subjects had earlier responded to the feeding of butter 
by reduction of whole blood clotting time and st^ven time. This would show 
that the changes in coagulability observed after the butter meal were specifically 
due to the fat. 

4. Effect of vegetable fats.—Only 4 of the 10 volunteers who had responded 
positively to butter responded positively to hydrogenated vegetable fat also. The 
remaining 6 did not show any significant reduction in clotting time; only 3 of the 
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same ten volunteers who had responded positively to butter responded to coco-nut 
oil and 2 of these were eases that had responded previously to hydrogenated 
vegetable fat also. 

DiscussroN. 


The technique adopted in the present investigation for the determination 
of clotting time and stypven time did not involve the use of silicone coated tubes 
and platelet poor plasma. Qis Hall [loc. cit.) has pointed out, the use of silicone- 
coated tubes, by undul)'' minimising the contribution of platelet breakdown to- 
\vards clotting, may be less representative of in vivo conditions than the techniques 
employed here. However, the results obtained here followng the feeding of butter, 
are in line with the observations of Fullerton el al. {loc. cit.) and O’Brien (loc. cit.) 
who used silicone coated tubes in their investigations. The present investigation 
has also shown that the cfiFects of feeding butter on the clotting time and stypven 
time in the same individuals on different occasions are nearly similar. 

The work of Duguid and Robertson (1957) has shown that with continued 
high fat feeding ‘ tolerance ’ to the fatty meal might develop. 

Most of the subjects investigated in the present study, however, were 
subsisting on diets which were either low or moderate in fat. Even so, the fact 
that only 18 of the 30 subjects studied exhibited reduction in clotting time after a 
butter meal, points to individual •v'ariability in this regard, the explanation for 
which is not clear. 


The investigation failed to reveal any significant change in circulation time 
after high fat diet. This aspect of the investigation was prompted by the observa¬ 
tion of Swank (1954) in hamsters, that 3 hours after a meal rich in cream, there 
was increased viscosity of blood. 

The failure of isocaloric low fat diet to produce changes in clotting time and 
stypven time observed with butter would suggest that fat plays a specific role in these 
changes. With regard to prothrombint ime, it was observed that the prothrombin 
time using rabbits’ brain emulsion did not reveal any significant change. On the 
other hand, the stypven time showed significant alteration after the butter meal. 
While the individual responses varied, the mean value obtained after the butter 
meal was significantly lower than the mean initial value. This was not so with 
regard to the other fats. The reduction of stypven time after a butter meal has 
been attributed among other factors to increased presence in the blood of a 
phospholipid material, probably phosphatidyl ethanolamine (P.E.) after a butter 
meal. Highly active P.E. has been isolated from butter (Maclagan and Biilimoria 
loc. cit.). phe reason for the failure to observe any reduction in the prothrombin 
time usm^ rabbits’ brain emulsion may be attributed to the high content of the 
phospholipid material already present in the emulsion. 


Differences with regard to changes in clotting time and stypven time were 
observed with different fats in the present investigation. Butter hydrogenated 
vegetable fat and coco-nut oil could be placed in the descending ordm- with 
regard to their effect on whole blood clotting time. Only butter produced a 
significant reduction in s^ven time. Keys et al. (loc. cit.), however, observed 
no differences between different fats with regard to reduction in clotting th^e 
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while O’Brien {loc. cit.) noticed differences in stypven time reduction between 
different fats, which he believed to be attributable to differences in the chain length 
of the fatty acids present in them. 

Macfarlane et al. (194'1) and Robinson and Poole (1956) had attributed the 
effect of dietary fats on blood clotting to lipasmia and increased chylomicra in 
blood. Maclagan and Billimoria [loc. cit.), however, had shown that the degree 
of iipasmia and the chylomicran count following on different fats were nearly 
similar. They found that in spite of the same degree of lipasmia following on a 
butter or a margarine feed, there was significant reduction of clotting time after 
butter but not after margarine. 

A satisfactory explanation for the differences observed between different 
fats in the present investigation is not possible at this stage. It would appear from 
the results, that differences between the different fats with regard to the degree of 
saturation or the chain length of their component fatty acids may not account 
for the differences in their effects on clotting time or stypven time. It is a moot 
question as to how far the in vitro observations obtained under these experimental 
conditions, are applicable to human in vivo conditions. The practical significance 
of the observations in the present investigation will depend on the answer to this 
question. 

Summary. 


1. The effects of different types of fat on blood coagulation of human 
volunteers has been studied. 

2. Following an intake of 85 g. of butter fat, the mean clotting time and 
stypven time of 30 volunteers were significantly less than the fasting values. How¬ 
ever, prothrombin time using rabbits’ brain emulsion, circulation time and serum 
cholesterol were not influenced by the high intake of butter, 

^ 3. Hydrogenated vegetable fat and coco-nut oil did not influence stypven time. 

, 4. Butter, hydrogenated vegetable fat and coco-nut oil could_ be placed in 
the descending order with regard to their effect on whole blood clotting time. 

5. The significance of the results has been discussed. 
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Introduction. 

cholesterS“mcMta,L°a^^^^^ 

groups (Keys, 1954; Keys and Andenon, S Mve P°Pulatro 

the investigation of factors influencing serum choIesterojT^^^'^ interest i; 
the various factors now known to influenc?senim pS? 
attracted special attention. Since cholesterol rnJT ^evej, diet ha 

(Srere a/ 1950; Gould a/., 1951), endogenoush 

a«racS\t &.'• »- -rum cholesterol h,o ’ 

cystine and choline (Mann et al 3953 ) ^‘^icating the effects of methionin/ 
Felch and Dotti; 194; ChakravartiTi/ 19?7TlTf 
on serum cholesterol. However the ^ variation in calortV irZ h 

cholestrol concentration needs further ' factors other than fat nn c 

epidemiological observatinr,. '"^^stigation. An imr)nrfiir,+ 
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They were, thus on a low protein, adequate calorie diet. The animals were 
rnaintained on their lespective diets for 35 days, at the end of which period serum- 
cholesterol determinations were repeated in all monkeys. 

Monkeys in all the experiments were kept in individual cages throughout 
the experiment and were not released for exercise. This was to ensure uniformity 
with regard to the factor of physical exercise. 


Results. 


The results of the above experiments are presented in Graphs 1 and 2 and 
Table III. 


Graph 1. 



Days. 

Serum-cholesterol levels in volunteers maintained on diets providing fats as hydrogenated vegetable oil or 

gingelly {sesame) oil. 


Experiment 1.—^The results indicate that the type of fat in the diet has an 
influence on serum-cholesterol level. Human volunteers receiving hydrogenated 
vegetable fat showed a marked rise of serum cholesterol at the end of one week. 
Though serum-cholesterol concentration was not maintained at this same high 
level throughout the period of feeding, the level was continuously maintained well 
above the starting ‘ basal ’ level throughout the experimental period. On the 
other hand, volunteers receiving sesame-oil showed a small rise in the serum- 
cholesterol values at the end of one week but by the fourth week, the values had 
returned to the levels below the starting value and continued to remain low 
throughout. 

Experiment 2.—In the case of the monkeys the difference in the response of 
serum cholesterol between the groups fed butter and hydrogenated vegetable fat 
(I and II) on the one hand, and the group fed sesame-oil (III) on the other, was 
even moi'e striking than in the case of human volunteers. This difference should 
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Graph 2. 



Days, 

Serunt’ChoUsUrol levels in monkeys maintained on diets providing fat as butler, hydrogenated vegetable oil, 

or gingelly (sesame) oil. 


Table III. 


Effect of protein and calorie deficiency on serum cholesterol in monkeys. 


Group. 

1 

1 

1 

Initial serum 
cholesterol, 
mg./lOOc.c. ' 

f Serum cholesterol 
at the end of 35 

1 days, mg./100 c.c. 

Actual reduction 
in serum choles¬ 
terol, mg./lOO C.C. 


' 1 ! 

165 

110 

55 


I 2 ^ 

160 

95 . 

65 

Low-calorie low-protein 

1 3 1 

175 

110 

65 

■1 

1 ^ i 

175 

115 

60 


1 5 1 

170 

110 

60 

i 

L 6 1 

170 i 

1 

85 

85 

1 

f 1 

190 : 

100 

90 


2 

125 i 

105 

20 

J 

3 

165 

140 

25 

High-calorie low-protcin ' 

4 

135 

110 

25 


5 

160 

105 

55 


L ® 

170 

125 

45 


The difference in reduction on serum cholesterol level between low-calorie low-nrotein 
and high-calone lotv-protein groups is not significant. ‘ 


be considered to possess greater significance than that observed in the human 
volunteers for the reason that apart from the type of fat consumed, uniformitv 
regarding the intake of calorie and nutrients and the factor of physical exercise in 
all the groups had been ensured. Even \vith regard to the pre-experimental diet 
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it may be considered that there was greater uniformity in the case of the monkeys 
than in human volunteers, considering that they were all inhabitants of the same 
forest with equal and abundant opportunities to obtain the same kind of foods. 
It may be pointed out, however, that the level of fat fed to the monkeys was of a 
higher order than in human volunteers. 

It was observed in the case of monkeys as in the case of human volunteers 
that the sharp rise in serum-cholesterol concentration occurring within the first 
few days after initiating feeding with large quantities of butter and hydrogenated 
vegetable fat was not sustained at the same Mgh level throughout the experiment. 
The levels tended to come down but were always well above the starting values 
throughout the period of the experiment. It was interesting that this increase 
over the starting level was maintained for as long a period as 49 weeks over which 
the experiment lasted. On the other hand, with continued high fat feeding the 
rise in serum cholesterol was not progressive. For example, the values in the 
39th week of the experiment were not significantly higher than in the 23rd or 14th 
week. This might indicate some adaptation on the part of the organism to high 
fat feeding. 

The monkeys which had received high sesame oil diet showed no alterations 
in serum cholesterol levels over the 12 weeks of experimental period, but when 
they were switched over to high hydrogenated vegetable fat diet, there was a sharp 
increase in serum cholesterol concentration in the first few weeks. The serum 
cholesterol concentration tended to come down later and at the end of 18 weeks 
the level was almost the same as at the start. Throughout the rest of the experi¬ 
ment which lasted for 7 more weeks, the serum cholesterol concentration remained 
lower than in groups I and II {vide Graph 2). It appeared that pre-treatment with 
sesame oil for 12 weeks had to some extent inhibited the rise in serum cholesterol 
following on hydrogenated fat feeding. 

Experiment 3.—^Animals on the low-calorie low-protein diet as Well as animals 
on the high-calorie low-protein diet showed significant reduction in serum choles¬ 
terol concentration. The reduction observed in animals of the low-protein low- 
calorie group was greater, but the difference between the two groups in this 
respect did not appear significant. This would indicate that both calorie and 
protein restriction might contribute to the reduction of serum cholesterol levels. 
It must be pointed out, however, that the protein restriction in this experiment was 
severe, the diet containing only 3'5 per cent protein. Animals of both groups lost 
body-weight dming the experiment, but the loss in weight in animals on the 
low-protein low-calorie group was four times as great as in animals on the low- 
protein high-calorie group. The differences in the reduction in serum cholesterol 
between the two groups were much less than the differences in the reduction of 
body-weight between the two groups. It would appear, therefore, that the reduc¬ 
tion in serum cholesterol brought about by severe protein deficiency is, in the main, 
not a reflection of reduction of body-weight. 

Discussion. 

^ji’he observation that the effect of ingestion of fat on serum-cholesterol 
concentration depends on the type of fat, is in line with the findings of other workers 
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(Kinsellj 1952; Ahrens el al, 1954; Beveridge el ai, 1955; Ahrens el al, 1957; 
Keys el al, 1957; Malmaros, 1957). Various reasons have been suggested to 
explain the differences between the fats with regard to their effects on serum 
cholesterol, such as differences in sitosterol content; in the essential fatty acid con¬ 
tent; in the content of total unsaturated fatty acids; and possibly to the presence of 
unknown factors. The exact explanation sliould await further investigation. Of 
the various hypotheses suggested in this regard the role of essential fatty acids 
would seem to deser\fe particular attention. Previous investigations had shown 
that the content of essential fatty acids was roughly eight times higher in sesame- 
oil than in the hydrogenated vegetable fat used in the experiment. Though 
ground-nut oil, the original source of the hydrogenated vegetable fat used here, 
contains essential unsaturated fatty acids to the extent of nearly 27 per cent, 
presumably they are mostly destroyed in the process of hydrogenation. The 
difference between hydrogenated vegetable fat and sesame-oil cannot be attributed 
to differences in sitosterol content of a vegetable oil, and secondly, unlike in certain 
animals, sitosterol has not been shown to play a significant role in cholesterol 
absorption in the human subjects (Peterson, 1951). 

The observations on monkeys in the present investigation were carried out 
for 49 weeks, wliich is much longer than the periods of observation employed in 
most other investigations of this land. It was noteworthy that the rise in serum- 
cholesterol concentration following feeding of butter or hydrogenated vegetable 
fat was maintained throughout this prolonged period. At the same time, the 
absence of a progressive increase in serum-cholesterol concentration, and the 
fact that the sharp rise in serum-cholesterol observed in the initial phase of the fat 
feeding was not sustained at the same high level, would indicate the ability on the 
part <^the organism to adapt itself to some extent to the high intake of fat. 

'^The diets of population groups between which significant differences in 
serum cholesterol concentration have been reported (Walker and Arvidson, 1954- 
Keys and Anderson, 1955) differ not only in their fat content but also in their protein 
content and possibly calorific value. The observation here that calorie and 
protein deficiency can bring about a reduction in serum cholesterol concentration 
indicates the need for caution in equating differences in serum cholesterol concen¬ 
tration between population groups to differences in fat intake alone. The finding 
that protein deficiency alone in the absence of calorie deficiency can induce reduc¬ 
tion in serum cholesterol concentration is somewhat contradictory to the findings 
of Keys and Anderson (1957). It must be emphasized, however, that the protein 
deficiency employed here was of a much more severe degree than what obtained 
in the experiments of Keys et al. (1957). It is likely that marginal changes in 
protein intake may not significantly affect serum cholesterol concentration and 
that apart from low fat intake, calorie deficiency rather than protein deficienev 
may be the important determinant of low serum cholesterol concentration among 
malnourished populations. Serum-cholesterol concentrations have been fotmd 
to be low in nutritional oedema and in kwashiorkor at the height of the disease 
and tend to retmn to normal levels following on nutritional rehabilitation 
(Ramanathan, 1955). Structural changes m the adrenal cortex in monkevs in 
severe protein depletion have been demonstrated (Goplalan, 1956) It has also 
been shown that the adrenal cortex is an imp^ortant site of synthesis of cholesterd 
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in the body (Le Roy. et ah, 1957). These observations could provide the explana¬ 
tion for the observed lowering of serum cholesterol in severe protein deficiency. 

Summary. 

1. The effect of feeding large quantities of different types of fat on serum- 
cholesterol concentration was investigated in a group of human volunteers and 
monkeys. 

2. It was found that while butter and hydrogenated vegetable fat caused 
a sustained increase of serum cholesterol concentration, sesame oil had no such 
effect. 


3. Diets deficient in proteins and/or calories were also found to reduce 
serum cholesterol concentration. 

4. The significance of the above observations has been discussed. 
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INFLUENCE' OF COOKING ON THE NUTRITIONAL VALUE 

OF FOODS. 

Part m. 

VITAMIN A CONTENT OF SOME COOKED FOODS. 

BY 

M. L. PAI. 

[With the assistance of Shri V. G. Deshpande and R. Ranganathan.) 

{From the dCMR Inquiry, Department of Physiology, Medical College, Baroda.) 

[ Receiv'ed for publication, July 22, 1957.] 

The results of analysis of the work done on the vitamin A content of the 
cooked foods are presented herein. 

Materials and methods. 

The details of the methods of preparing the various items of food preparations 

(W, wS) “'“dy bSn «pS 
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Summary and conclusions, 

1. ^ Results of analysis of forty-two items of articles of foods for their vitamin A 
content in their pre-cooked and cooked stages are presented. 

2. The percentage loss of vitamin A in all the preparations studied in the 
series varied between 10*5 and 70'0 per cent. In preparations of cereals the range 
was from 10*5 to 37*6 per cent; in vegetables it was from 34*3 to 39‘5 per cent and 
in ‘ dahls ’ the loss ranged between 57’0 and 70*0 per cent. 


■ Thanks are due to the Indian Council of Medical Research for their financial 
aid, to the Principal, Medical College, Baroda, for permission to work, to the 
Professor of Physiology for his keen interest; to Messrs. Glaxo Laboratories (India) 
Ltd., the Director, Central Drugs Laboratory, Calcutta, Messrs. Volkart Bros., 
Bombay, and Messrs. Giba Ltd., Bombay, for their kind supply of some of the 
vitamin preparations used in the study. 
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REGIONAL 

DIETS 


VARIATIONS AND ADEQUACY OF INDIAN 
: STATISTICAL EVALUATION OF DIET 
SURVEYS. 


Part II. 


BY 

A. D. TASKAR, 

AND 

C. S. SHANTHA, 

{From the Mdrition Research Laboratories, Indian Council of Medical Research, 

Coonoor, S. India.) 


[Received for pufaiication, August 8, 1957.] 

It has been pointed out in the earlier investigation (Taskar, 1956) that 
climatic and soil conditions influence, to a great extent, the dietary habits of the 
poor people. The regions having similar conditions have similar nutrient intake 
patterns. As the protective foodstuffs, such as milk and milk products are found 
in negligible amounts in poor class family diets, and as cereals and pulses form 
the most economic source of food, these variations in the intake patterns were 
attributed to the types of cereals consumed. The data on consumption of types 
of cereals and pulses for each of the diet survey considered in the previous study 
are available. It is, therefore, intended in the present investigation to re-examine 
the classification of States by considering these data. 

Material and methods. 

The information regarding the intake of rice, wheat, millets, other uncommon 
cereals and pulses from the diet surveys presented in the Special Report (1951) 
of the Indian Council of Medical Research, was used for the purpose of analysis. 
As there is no information on the types of cereals consumed in the diet surveys from 
Bihar, the total number considered in the present investigation comes to 753. 

The method and basis for studying the comparisons between States have 
already been stated in the earlier investigation (Taskar, loc. cit.). 

It was found that when the number of variables are five or less the method 
of finding out the linear components, discovered by Truman Kelly (1935) was 

( 485 ) 
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tan 2b 


much easier and useful. The main principle behind the method is of rotating 
the axes, taken two at a time, by an angle 0 given by: 

2 coy (x, Xa) 

^.)-V(x.) 

where cov(x, X 2 ), V(x,), and V(x*) are the covariance and variances of the 
chosen pair of variables. Formulae (1) to (7) provide the values of the new matrix. 
This process is to be continued until all the covariances are made neglibigly 
small, at which point the final variables constitute the n-components. The 
formulae are: 


Y, =x, cos 0 +Xa sin e ••• (1) 

Y 5 = —X, sin 0 +X 2 cos $ ... (2) 

^ (^i) cos“^ -fV (Xg) sin“^-f 

2 cov (x, Xj) sin 0 cos $ ... (3) 

V (yj =V (x,) sin®^ + V (Xjj) cos®^ — 

2 cov (x, Xj) sin $ cos $ ... (4) 

cov (y, y^) =cov (x^ x^) (cos®^ —sin®^) — 

[V (x,)—V (xa) ] sine cos B ... (5) 

cov (y, X3)=cov(Xj X3) cos e + cov (Xa Xg) sin ^ ... ( 6 ) 

cov (y, x^) =cov (y, x^); cov (y, x^) etc. of the same type, 

cov (ya Xg) = --cov (x, Xg) sin^ + cov (Xj Xg) cos ^ ... (7j 

cov (ya x^); cov {y, x^); cov Xg ); etc. of the same type 

Results and discussion. 

The consumption values of the various foodstuffs in different States are given 
in Table I. The standardized variables are given in Table II. The correlation 


Table I. 

Mean values of cereals^ etc. by Stales. 


(Average per capita intake.) 


Names of States. 


Rice, 

oz. 

Wheat, 

oz. 

Millets, 

oz. 

Other 
cereals, oz. 

Pulses, 

oz. 

Ajmer .. 



Nil 

30-07 

Nil 

Nil 

0-63 

Assam .. 



19-40 

0-47 

Nil 

0-17 

1-62 

Bhopal .. 



1-15 

11-80 

Nil 

1-65 

1-95 

Bombay.. 



3-91 

4-14 

0-79 

3-36 

2-65 

Goorg .. 

Delhi .. 



22-27 

Nil 

0-10 

0-23 

0-83 



Nil 

13-30 

8-70 

1-77 

5-07 

Hyderabad 

Kashmir 



10-17 

0-77 

11-49 

0-28 

1-57 



25-60 

1-30 

Nil 

Nil 

0-60 

Madhya Pradesh 



10-28 

3-86 

1-74 

4-86 

5-11 

Madras.. 



10-66 

0-37 

0-10 

6-11 

0-89 

Mysore .. 

Orissa .. 



2-05 

Nil 

24-55 

Nil 

1-80 



20-82 

0-47 

Nil 

0-11 

2-31 

Punjab .. 
Travancore 



3-95 

9-68 

Nil 

9-91 

3-87 



14-05 

Nil 

Nil 

1-37 

0-88 

Uttar Pradesh 


.. 

11-20 

8-85 

Nil 

1-95 

2-10 

West Bengal 

- 


21-84 

1-22 

Nil 

Nil 

1-59 

S.D. .: 



7-543 

4-102 

4-896 

5-483 

2-000 














Table xx. 

-- value, of 

7—--_ kf States, 


of States, 

"^Ainicr ~~- 

Assatn 
Bhopal '.' 

^oxnbay,, 

Ooorrr 

Deih? ;; 

Hyderabad ■• , 

^/shrair 

'■«=■'. :: 

Mysore . ■■ 

Orissa ' •. / 

Bunjab ;; .. / 

/ravancore •• / 

West ‘ / 


• I —1-4693 
1-1026 
-~1-5;65 

I -4)-95Z5 

/ 1-4826 

-'1-4693 I 
—0-1208 
1-5245 
' -~0-107l 
--0-0563 

—j-ms 
1-2902 
■-B-9463 
0-3937 
0-0455 / 
1-4256 


•—2-_ 
f-0/55 
-1-204^ 

I 1-5620 
'-0-3055 
—1-3450 
1-9277 j 
—1-4266 
—0-9980 
—0-3739 
—1-2237 
—1-3150 / 
-1-2010 
1-0454 
-1-3150 I 
0-8427 
'1-0179 


j Millets, 

__/ oz. 

/ —0-6060 
I -0-6060 
/ -0-6060 
/ -0-4455 I 
/ -0-5856 

I i'^H7 / 

I —0-6060 

I -0-2506 

—0-585} I 
4-4081 I 
- 0-6060 / 
—0-6060 I 
— 0-6060 [ . 
—0-6060 / . 
— 0-6060 / 




Table XXX. 


/ -0-3620 
/ -0-3316 
/ —0-0610 
/ 0-2506 

/ -0-0398 
j -0-3110 
/ --0-3620 , 
f ' 0-5244 
^’1^20 / 
r;?'l®2o / 
-0-3428 I 
1-4455 
- 0-1126 
—0-0063 
—0-3620 


/ —0-7299 
—0-238} 
—0-0744 
0-279i 
-0-6299 
1-4873 
-0-2599 
-0-7466 
1 -5090 
—0-6004 

-0-1464 

2'1105 
0-8888 
-0-6053 
0-0036 
-0-2510 




488 


Regional Variations and Adequacy of Indian Diets. 


Table V. 


Mean values transformed variables. 


Names of States. 

Yi 

■' 72 

73 

74 

75 

Ajmer .. 

—1-4693 

5-8835 

0-3913 

1-6049 

—1-7754 

Assam .. 

1•1026 

—0-8595 

—0-6241 

. —0-5497 

0-0644 

Bhopal .. 

—1-3168 

I-1634 

—0-6051 

—0-4227 

—0-4854 

Bombay.. 

—0-9515 

—0-6986 

—0-7786 

—0-7498 

0-1642 

Coorg .. 

1.4826 

—0-8337 

—0-5313 

—0-3113 

—0-2742 

. Delhi 

—1-4693 

1-4964 

1-2847 

0-4711 

1-1324 

Hyderabad 

—0-1208 

—1-2564 

1-5143 

—0-3583 

—0-0206 

Kashmir 

1-9245 

—0-3213 

—0-3649 

0-1298 

—0-3776 

Madhya Pradesh 

—0-1071 

—0-4430 

—0-3747 

0-2590 

1-5384 

Madras 

—0-0563 

—1-3352 

—0-9063 

—0-0442 

—0-5472 

Mysore .. 

—1 -1975 

—1-8779 

3-9603 

—0-1590 

0-1101 

Orissa .. 

1-2902 

—0-7862 

—0-5756 

—0-4259 

0-4494 

Punjab .. 

—0-9463 

0-7529 

—0-6208 

1-4462 

0-4991 

Travancore 

0-3937 

—1-2579 

—0-8332 

—0-8591 

—0-4095 

Uttar Pradesh 

0-0155 

0-9105 

—0-4289 

0-2164 

—0-1387 

West Bengal 

1-4256 

—0-5370 

—0-4981 

—0-2474 

0-0706 


It will be seen from Table I that both rice and wheat are being consumed by 
the people from the various States, but the proportions of the two constituents in 
the diet vary from State to State. In Ajmer and Delhi there is no rice, while in 
Goorg, Mysore, Travancore-Gochin, wheat is not consumed. Similar is the_ case for 
millets and other uncommon cereals; when there is more of millets there is less of 
these cereals, and sometimes complete absence of one in -preference to the other. 
The diets in all the States are supplemented with pulses to varying degrees. This 
is substantiated by the values of coefficients from the correlation matrix. The 
negative signs of the coefficients indicate that there is an inverse relation between 
the constituents, i.e., if one constituent in the diet increases the other is propor¬ 
tionately reduced. All the correlations are statistically significant, except millets— 
pulses (—0*057). It is interesting to note that the intake of pulses decreases as the 
consumption of rice increases, while it is directly proportional in the case of wheat. 
These peculiarities may arise from the fact that the surveys are carried out mainly 
on poor families where the total family earnings are spent in buying the mam 
items of subsistence that are readily available. 

The values D’ given in Table VI indicate that thirteen States arrange them¬ 
selves into three distinct groups, as in Table VII. 

It is interesting to find from Tables I and VII^ that this grouping of States 
is similar to that given in the earlier communication, i.e., the first group composed 
of States where people consume more rice, while in the second wheat is found to 
be the most popular cereal, and in the third group of States, in addition to both 
rice and wheat, millets and other uncommon cereals are also consumed to an 
anpxeciable extent. This similarity in the grouping points out that, more or less, 
a correct classification of States with respect to intake patterns can be achieved 
by considering the chief type of cereals consumed by the people. Mysore and 
Hyderabad, in which millets are consumed in very high proportions, tall lar away 
from other States. Similarly, Ajmer is farther away, as being a famine camp 
area, the people were given only wheat and no other cereals. 






Taskar and Q S e/ 

• •S/tant/ia^ 

X'a t>r 



^'■ayancore ' ’ 

Madras 

Hyderabad ' ‘ 

Bhopal 

Punjab 
Peibi 
^ysore 

Ajnier * 



^sdras 

^sam • • j 
^'■^yancore ' ’ / 
^ashniir '' h 
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A __ 


.fe”" ■ 
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;; 
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0-66 
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1-69 
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5- 23 
5-30 
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8- 95 
''■65 

97 


fcrB 
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/Coprg- •• 2.28 
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&».•■•■ 
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60-02 


24° 25® 
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^oom 
^^tar Pr J 
^bopaf'^^^^b 
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Table VI— (Concld.). 


Punjab. 

Travancore. 

Uttar Pradesh 

West Bengal. 

Uttar Pradesh 

2-91 

Madras 

0-90 

Bhopal 

2-40 

Coorg 

0-22 

Madhya Pradesh 

4-69 

Assam 

1-03 

Punjab 

2-91 

Orissa 

0-26 

Bhopal 

4-77 - 

Coorg 

1-78 

West Bengal .. 

4-35 

Assam 

0-32 

Delhi 

5*84 

Orissa 

2-02 

Madhya Pradesh 

4-66 

Kashmir 

0.-66 

Bombay 

7-06 

West Bengal ., 

2-30 

Bombay 

4-67 

Travancore .. 

2-30 

Madras 

8-54 

Bombay 

2-47 

Assam 

4-98 

Madras 

3-42 

West Bengal .. 

10-36 

Kashmir 

4-42 

Kashmir 

5-23 

Uttar Pradesh 

4-35 

Orissa 

10-88 

Madhya Pradesh 

6-17 

Orissa 

5-28 

Madhya Pradesh 

4-78 

Assam 

10-97 

Hyderabad 

6-18 

Coorg 

5-50 

Bombay 

6-02 

Kashmir 

11-97 

Uttar Pradesh 

6-24 

Madras 

5-51 

Hyderabad 

6-98 

Travancore .. 

12-02 

Bhopal 

9-04 

Travancore 

6-24 

Mysore 

7-12 

Coorg 

12-11 

Punjab 

12-02 

Delhi 

7-16 

Punjab 

10-36 

Hyderabad 

12-84 

Delhi 

19-69 

Hyderabad 

8-83 

Bhopal 

10-76 

Mysore 

30-78 

Mysore 

26-65 

Mysore 

28-71 

Delhi 

17-34 

Ajmer 

32-61 

Ajmer 

63-91 

Ajmer 

32-31 

Ajmer 

57-23 


Table VII. 


1 

Group I, 

Group II. 

Group III. 

Assam 

1 Bhopal 

Bombay 

Coorg 

Delhi 

Madhya Pradesh 

Kashmir 

Punjab 

Madras 

Orissa 

Uttar Pradesh 

1 

Travancore -Cochin 

i 


West Bengal 




The first two roots of the covariance matrix of the transformed variates 
are X, =62-86 and =30-13 adding up to 92-99. These two roots account for 
84 per cent of the total variance. The other three roots contribute very little to 
the discrimination of the various States. Thus, a two dimensional pictorial 
representation of the States with respect to the first two canonical variates can, 
therefore, give a good idea of the configuration in the five dimensional space. 

The canonical variates and mean values of the variates for all the States are 
given in Tables VIII and IX, 


Table VIII. 


Rice. j 

1 

j Wheat. 

Millets. 

Other cereals. 

Pulses. 

1 , —0-352 i 

0-883 

0-044 

0-269 

—0-150 

2. -0-471 I 

—0-217 I 

0-845 

0-028 

0-127 


The components given in Table VIII are arranged in order of their capacity, 
as determined by the variation absorbed, in discriminating between the Mates. 
A close examination of the coefficients of each of the two components, reveals tha 
wheat has the highest and rice has the lowest scores on the first component, whi e 
on the second component the millets have the highest and rice the lowest scores. 
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It is possible, therefore, to classify the States on the basis of consumption of rice, 
wheat and millets. By knowing tlic quantities of rice and wheat consumed the 
States can be divided into two groups which can be further sub-divided on the 
basis of consumption of millets. The values A, (x-axis) and A* (y-axis) are plotted 
to get a pictorial representation of the States as shown in the Graph. 


Table IX. 



A, 

A, 

Ajmer 

6-43 

—0-43 

Assam 

—1-33 

0-87 

Bhopal 

J-42 

—0-22 


—0-52 


Coorg 

--1-32 

~]-01 

Delhi 

1-85 

1-61 

Hyderabad 

~}-09 

1-60 

Kashmir 

-~V-89 

—I-19 

Madhya Pradesh 

—0-33 


Madras 

~M3 

—0-52 

Mysore 

—M2 

4-33 

Orissa 

—1-36 


Punjab 

1-29 

—0-25 

Travancorc-Cochin .. 

—1-45 

—0-69 

U.P. 

0-86 


West Bengal 

—1-08 

—0-97 
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Summary. 

The data on 753 diet surveys from different parts of India were analysed. 
It was found that it is possible to e^^lain the differences in the intake patterns of 
nutrients on the basis of consumption of types of cereals and millets. 


The authors have great pleasure in acknowledging their indebtedness to 
Dr. V. N, Patwardhan^ Director, Nutrition Research Laboratories, for his valuable 
help and advice in the preparation of this paper. 
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STUDIES ON THE EFFECT OF GERMINATION ON STREPO- 
GENIN CONTENTS OF PULSES. 

BY 

PRONOTI MITRA, 

AND 

SACHCHIDANANDA BANERJEE, 

{From the Department of Physiology, Presidency College, Calcutta-12, India.) 

[Received for publication, November 5, 1957.] 

It was reported by Albanese and Irby (1943) and Bower and Berg (1943) 
that chickens, mice and rats grew more rapidly when they were fed intact protein 
than when they were fed a mixture of synthetic amino acids which constituted the 
same protein. This suggested the presence of a growth-promoting factor in intact 
protein which was different from the amino-acid composition of the protein 
molecule. Sprince and Woolley (1945) showed that the growth-promoting factor 
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and strepogenin concentrates were prepared according to the method of Louise 
et al. (1948) with some modifications. pH of the contents of each flask was brought 
to 8'4 with ION sodium hydroxide, 100 mg. of trypsin followed by 75 c.c. of borate 
buffer of pH 8*4 added, the contents mixed, 1 c.c. toluene added, flasks plugged, 
incubated for 20 hours at 37°G., pH brought to 7 with concentrated hydrochloric 
acid, filtered, precipitate discarded, 2*5 g. lead acetate added to the resulting 
filtrate, precipitate removed by filtration, pH adjusted to 9*5, precipitate again 
removed by filtration, the filtrate was saturated with sulphuretted hydrogen, lead 
sulphide added and precipitate removed by filtration, the Mtrate concentrated under 
suction until all H^S was removed, toluene added, plugged and kept in refrigerator. 

Nitrogen was estimated in the final concentrate by micro-KJeldahl method 
and the concentrate was suitably diluted with water so that 1 c.c. of the diluted 
solution was equivalent to 4 y nitrogen. Concentrates equivalent to 1 y, 2 y, 
4 y, and 6 y nitrogen were added to rimless test tubes (6"x3/4'') containing basal 
media as described by Landy and Dickens (1942) with the addition of 10 y /c.c. 
of manganese chloride and strepogenin activity was assayed microbiologically 
using Lactobacillus casei as the test organism. Acid produced after incubation for 
24 hours was titrated with N/lOO sodium hydroxide using bromothymol blue as 
indicator. Results which are averages of four observations in each case are shown 
in Graphs 1 and 2. 

Graph 2. 

Germinated pulses. 



Microgram nitrogen added. 
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Discussion. 

It will be seen from Graph 1 that Phaseolus mango, Phaseolus radiatus and Pisum 
sativum hav'c more strepogenin activity than casein, tvhile Lens esculenta, Cajunus 
indiciis and Cicer arietinum show lesser activity. It is interesting to note that 
Phaseolus mungo, Phaseolus radiatus and Pisum sativum also contain more essential 
amino acids per gramme of protein than the other pulses (Chatterjee el al., 1956). 
After germination, strepogenin activity of all the pulses studied diminished consi¬ 
derably and the activity was less than casein. During the process of germination 
strepogenin possibly breaks up into substances which have less growth-promoting 
value. 


Summary. 

1. Strepogenin concentrates were prepared from six varieties of common 
Indian pulses and strepogenin activity w'as determined by microbiological assay 
using Lactobacillus casei as the test organism and casein as standard of reference. 
Strepogenin activity was also assayed after the pulses were germinated. 

2. It was observed that Phaseolus radiatus, Phaseolus mungo and Pisum sativum 
had more strepogenin activity than casein, while Cajunus indicus. Lens esculenta and 
Cicer arietinum showed less strepogenin activity as compared to casein. 

3. After the germination for 48 hours strepogenin activity diminished 
considerably in all the pulses and the activity was less in all cases than the activity 
of casein. 
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THE EFFECT OF RICE AND WHEAT DIETS ON GROWTH 
REPRODUCTION AND LACTATION IN ALBINO RATS. ’ 

BY 
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{From the Nutrition Research Laboratories, Indian Council of Medical Research^ 

Coonoor, S. India.) 

[Received for publication, Novembers, 1957.] 

It has been generally recognized that the areas having a high density of 
population happen to be the areas where rice is the staple article of diet. This 
has led many to believe that the rice diet probably is conducive to better fertility. 
According to Ranganathan (1954) an examination of census figmes for population 
increase or of birth rates for various provinces of India or of other regions of world 
consuming rice or wheat as the staple cereal do not show any association between 
the latter and fertility. Mathen (1956) in a recent review has also expressed the 
same opinion. 

It is possible that the data on human population may indicate the trend but 
cannot afford incontrovertible evidence that a particular diet per se has any effect 
on the fertility'fates. Several factors other than diet can complicate the issue. 
It was, therefore, felt that animal experiments carried out under rigidly controlled 
conditions and uncomplicated by other factors may be of help in assessing the 
effect of the staple cereal in diet on the fertility rate. It is with this end in view 
that experiments reported here were conducted. 

Experimental. 

Twentyone day old, healthy albino rats, from five litters, were equally 
distributed into two groups according to litters in such a manner that both the 
groups included one male and one female from each litter. One group of animals 
was fed a diet in which rice was the cereal, while the other group was fed a diet 
containing an equal amount of wheat, the other dietary constituents being 
identical. The composition of the diets is given in Table I. 


( 496 ) 
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Table I. 

Composition of the rice and wheat diets. 
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Item. 


1 Rice .. 
l(fl) Wheat 

2 Skimmed milk 

3 Calcium phosphate 

4 Oil (ground-nut) ,. 

5 Sprouted Bengal gram 

6 Cabbage (fresh) .. 

0’7 g. oil containing 400 I.U, vii 


Rice diet. 

tVheat diet. 

57-0 

57-0 

4-5 

4-5 

1-0 

1-0 

1-5 

1-5 

9-0 

9-0 

26-3 

26-3 


lin A is smeared over the chapattics. 


Analysis of dritd dills: 


Ash, per cent 
Fat, per cent 
Protein, per cent 
Carbohydrate by difT., per cent 
Calcium, per cent 
Phosphorus, per cent .. 

Iron, mg. per cent _ .. 
Calorics per 100 g. diet 


3-1 

1-8 

5-7 

6-0 

10-6 

15-1 

80-6 

75-8 

0-53 

0-51 

0-43 

0-36 

9-11 

12-28 

416 

417 


Items 1 to 4 mentioned in Table I were mixed thoroughly and made into 
a dough from which flattened, unleavened, bread (chapatti) was made. After 
baking, the chapatties were smeared with 0'7g. oil in which vitamin A concentrate 
had been dissolved. 

It will be seen from the composition of the diets that cereals formed about 
57 per cent of the diets, which is normally found in the average dietary of people 
residing in so-called ‘ rice or wheat belts The incorporation of other ingredients 
ensured adequate intake of essential nutrients. The animals were weighed every 
week up to 120 days, when the males and females from the same litter were kept 
for mating, and continued on the respective diets. When the females showed 
advanced signs of pregnancy they were isolated but both the male .and female were 
continued on the same diet. The pertinent records regarding prenatal period, litter 
size, birth weight of the young, were kept as described by Dikshit and Taskar, (to be 
published). Same males and females were mated and the breeding performance 
during different matings recorded. In order to avoid excessive stress, the females 
were permitted to suckle only six young; the 14th day weights of six young as 
suggested by Dikshit and Taskar (1956) and the percentage of young suckleci till 
the weaning time, viz. 21 days were considered as criteria in the determination of 
lactation performance. The weight records of the animals born in the rice and 
wheat groups were kept till the 120th day and they were mated as stated above. 
Records of growth, breeding and lactation performance on the two diets were 
kept for three successive generations. 

To determine whether the animals on the two cereal diets were comparable 
in every respect, estimations were carried out on the plasma protein femoral 
length and bone ash content of animals on the two diets. These results are also 
included in this communication. 
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Effect of Rice and Wheat Diets. 
Results and discussion. 


Gfowth TQ-te of Tdfs on vice and wheat diets .—-In the Graph are given the growth 
curves of male and female rats born during different generations on the two cereal 
diets. The average weights of 12Q-day old rats for all four generations of rice group 
were 270'7j:;6'42 g. for males and i78'9d:5‘30 g. for females, whereas the corres¬ 
ponding figures for animals of the wheat group were 239*7±5-22 g. and 157*8± 
2 44 g,, respectively. The differences between weights on rice and wheat diets 
were found highly significant. 

Graph. 



1st generation. and generation. 3rd generation. 4th generation. 



Weeks. Weeks.- Weeks. Weeks. 

Growth rate of rats on rice and wheat diets during different generations. 

It is clear, therefore, that the animals on the rice diet showed greater growth, 
in spite of the lower protein content of the rice diet. This may probably be due 
to the fact that rice protein is known to have a higher biological value than the 
protein of wheat. 

The rate of growth of rats is determined by plotting the logarithm of weight 
against the reciprocal of time and expressed by an equation as suggested by 
Zucker /i/. (1941). The constants ‘ K ’ of the growth curve of both male and 
female rats of the colony maintained by these Laboratories (Dikshit and Tasker, 
to be pubhshed) agree very closely with the values reported by Zucker, as shown 
in Table 11. It is, therefore, surprising that the constants for the growth curves 
of rats in the rice and wheat groups are different from both the above. The 
slightly higher ' K ’ value is apparent both in the male and female rats on the 
two diets (Table II). Increases in the ‘ K ’ values for females pari passu with that 
of males leave the ratio of the constants for male and female unaffected. The 
reasons for the higher ‘ K ’ values are not clear. 
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Table II. 


Constant K detennining the growth rate of animals on rice and wheat diets. 




Males: 

■■ 

IIIIIBSSBIil 

K 

MAIXS: 

Figures for: 

Age in 

weeks 

range. 

K 

1 

A 1 

Age in 
weeks 
range. 

K, 

i 

A, 

K, 

females. 

Stock colony of Zuckers .. 

: 4-17 

1 3-65 

470 

4-50 i 

1 -2-84 

270 

1-29 

Stock colony of Nutrition Research 
Laboratories 

; 4-17 

3-69 

395 

4-17 

2-76 

227 

1-34 

Rice group rats 

1 4-17 

4-28 

451 

4-17 

3-44 

283 

1-25 

W'hcat group rats 

j 4-17 

! 

4-19 

398 

4-17 

3-28 

254 

1*28 


Formulae: Log W—— — + log A, where W=wcight, t=timc in weeks, A=wc5ght approached 
* asymptotically in the adult animal, and K—the slope of tlie line 

which characterizes the rate of growth. 


Reproduction performance on rice and wheat ration. 


For assessing the reporduction performance of rats, the following four 
criteria are commonly employed (Schultze, 1955;.. 1955fl; Dryden, Gleis and 
Hartman, 1956; and Dikshit and Taskar, to be published): (i) The percentage of 
fertile matings, (u) the prenatal period or the interval between the placing of male 
and female together and the delivery of the young, (m) the litter size, and {id) birth 
weights. 


Table III. 


Reproduction performance of rats of rice and wheat diets of all four generations. 



Rice group mating number: 

Wheat group mating nu 

. .... 

mber: 


1st 

2nd 

3rd 

4th 

1st 

2nd 

3rd 

4th 

1. Number of pairs kept for 
mating 

29 

26 

25 

25 

28 

28 

27 

27 

Number of fertile matings 

26 

25 

25 

18 

28 

27 

27 

26 

Per cent fertile matings .. 

89-8 

96-1 

100-0 

72-0 

100-0 

96-5 

100-0 

96-4 

2. Prenatal period, days 

24-6 

26-0 

27-4 

25-3 

25-4 

25-3 

25-3 

24-8 

3. Average weight of female 
when kept for mating, g. 

180-7 

198-1 

214-6 

233-2 

158-5 

186-2 

192-9 

203-6 

4. Average litter size 

6-85 

7-56 

6-48 

5-72 

8-07* 

7-81 

7-48* 

7-19* 

S.E. .. 

±0-371 

±0-383 

±0-368 

±0-452 

±0-445 

±0-256 

±0-192 

±0-419 

5. Average birth weight, g. 

4-79 

4-86 

4-84 

5-10 

4-96 

4-95 

5-01 

5-00 

S.E. .. 

±0-092 

±0-113 

±0-083 

iO-145 

±0-104 

±0-089 

±0-025 

±0-085 


♦Denotes significantly different from corresponding values in the rice groups. 


A consolidated statement of the reproduction performance of rats kept for 
all four generations on the two cereal diets, has been set out in Table III. It will 
be seen from Table III that on the wheat ration, reproduction is superior to that 
in rats kept on rice diets. The differences were apparent even in the first genera 
tion. On the rice diet there were less fertile matings than on the wheat diet in the 
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first and fourth^ matings. There was, however, no appreciable difference in the 
prenatal period in the two groups. The better breeding performance on the wheat 
ration is clearly seen by the litter size. At any particular period of mating larger 
nurnber of young were delivered in the wheat group. The differences were 
■significant in the first, third and fourth matings. 

The birth weight of the young rat depends upon: (f) the weight of the 
mother, {ii) the position of litter series, and {in) the number of young delivered 
(Donaldson, 1924; Dikshit and Taskar, to be published). In view of this, it is 
spmewhat surprising that despite the greater body-weight of females and smaller 
litter size in the rice group, the birth-weight of the young born in this group was 
smaller. 

There was no significant difference in the male to female ratio of the young 
born in the two diet groups. In general, for every 100 females born there were 
103 and 100‘7 males born in rice and wheat groups, respectively. 

Lactation performance. —It will be seen from Table IV that on the rice diet 
the lactation performance of rats was slightly inferior to that on the wheat diet. 
This is eviderit from the smaller percentage of young weaned by mother rats on 
the rice diet, in spite of the smaller number of suckling rats. The average weight 
of six young on the 14th day was also lower in the rice group, this being significant 
in the rats born in the first mating. 


Table IV. 


Lactation performance of female rats on rice and wheat diets. 



Rice group mating number: 

Wheat group mating number: 

1 

1st 

2nd 

3rd 

4th 

1st 

2nd 

3rd 

4th 

1. Total number of female rats 

26 

25 

24 

18 

1 27 

27 

1 27 

24 

Number of young allowed 
to suckle 

145 

143 

135 

95 i 

1 

1 158 

160 

1 160 

138 

Average number of young 
allowed to suckle per 
female 

5-58 

1 

5-72 

5-63 

1 

1 

1 

5-28 1 

1 

1 

5-85 ' 

5-93 

1 1 

5-93 

f 

5-75 

2. Total number young 

weaned 

126 

137 

120 

90 

152 

151 

156 

137 

Per cent young weaned .. 

86-9 

95-8 

88-9 

94-7 

96-2 i 

94-4 

97-5 

99-3 

3. Average total weight of 6 
young on the 14th day 

110-8 

111-6 

121-4 

* 120-5 

120-8 

119-1 

121-6 

123-4 

Total number of groups 

12 

16 

1 

i 12 

1 

1 

6 

19 

16 

21 

16 


Serum protein content of young rats on rice and wheat diets. —Although as shown 
above some differences were observed in the growth, reproduction and lactation 
performance of rats on rice and wheat diets, in some other respects rats on these 
diets were comparable. 

The sei'um protein content of 28- and 120-day old rats on rice diet was 
5-43 and 6-71 g. per 100 c.c. serum, while the corresponding figures for the animals 
of the wheat group were 4*91 g. and 6'49 g. per cent, respectively. The differences, 
however, were not found statistically significant. 









PmornlUn „ / " 

bone ash of the two 

Table V. 

- ‘‘ V^ nd hn, »rf, ■<■ . , 

-—j—*« 


R I C E . 


No of 
animals. 


264-9 

34-9 

57-6 


I animals. ^ 


J73-8 

31-0 

58-5 


Summary, 


237-1 

34-9 

56-8 


160-0 
31-3 
57-7, 

j ^ -uaiMARY. —-. 

containing of rats on rice diet 

content 0,^.1!!;" 

«e diet were slightly 
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NUTRITIVE VALUE OF DUCK EGG WHITE. 

Part V. 

SOME PROPERTIES AND COMPOSITION OF OVOMUCOIDS 
OF DUCK EGG AND HEN EGG WHITE. 

BY 

B. S. NARASINGA RAO, 

AND 

V. N. PATWARDHAN. 

(From the Jfutrition Research Laboratories, Indian Council of Medical Research, 

Coonoor, S, India.) 

[Received for publication, November 5, 1957 3 

, Introduction. 

Narasinga Rao and Patwardhan (1954) have described certain marked 
differences in the biological activity of ovomucoids of the duck (DEW) and the 
hen egg white (HEW). The latter, when fed with the diet, did not inhibit the 
growth of rats, whereas the DEW ovomucoid markedly depressed it under com¬ 
parable conditions. Vijayaraghavan and Narasinga Rao (1954) had earlier observed 
that HEW ovomucoid inhibited tryptic hydrolysis to a negligible extent when 
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the period of hydrolysis %vas extended to 24 and 120 hours as against the sustained 
antitryptic activity of DEW ovomucoid. These differences might be due to the 
different make-up of the respective ovomucoid molecules. It is well recognized 
that the biological activity of a protein is determined to some extent by the 
reactive groups in the molecule (Porter, 1953). Fracnkcl-Gonrat, Bean and 
Lineweaver (1949; have studied the composition and structure of the HEW 
ovomucoid in relation to its antitryptic activity, but similar information on DEW 
ovomucoid is not available. The present communication deals with a compara¬ 
tive study of the properties and chemical composition of the two purified ovomu¬ 
coids. The investigations included the following: {ij determination of some 
chemical and physicochemical properties; {ii} identification of the constituent amino 
acids and sugars; (Hi) estimation of carbohydrates and some amino acids with 
functional groups, and {iv) influence of pH on the stability of the ovomucoids to 
high temperatures. 

Experimentax.. 


Isolation of ovomucoids. —The ovomucoids were separated from the hen and 
duck egg whites and purified by the procedure described by the authors earlier 
(Narasinga Rao and Patwardhan, loc. cit.). Electrophorctically homogenous 
samples were used in the experiments described below. The sample of purified 
DEW ovomucoid corresponded to the fraction D, mentioned in the earlier 
publication. 

Physicochemical delerminations. —^The following physicochemical determinations 
were carried out: (t) molecular weight was determined by measuring the osmotic 
pressure of a 1*0 per cent solution of the ovomucoid in 0*1 M sodium chloride 
according to the method of Bull (1941) using an apparatus similar to the one 
described by Bull and Currie (1946). {ii) Optical rotation of a 5 per cent solution 
of ovomucoid in water. {Hi) Viscosity was measured in 0*05 M acetate buffer 
(pH 3*9) containing 0*1 M sodium chloride in an Ostwald viscosimeter at 25“C. 
as described by Fredericq and Deutsch (1949). The effect of heat and urea de- 
naturation on the viscosity was also determined, {iv) Isoelectric point was deter¬ 
mined by measuring the electrophoretic mobility of ovomucoids on paper with 
buffers of different pH (acetate buffers with pH range from 3-8 to 5*0 at intervals 
of 0*2, with iomc strength 0*1). The technique of paper electrophoresis was the 
same as desermed by Narasinga Rao and Patwardhan. {loc. cit.). (v) Titration 
curves. The titration of the purified ovomucoids was carried out according to 
Gannan et al. (1942) between pH 1*5 and pH 8*5 using a potentiometer with 
quinhydrone electrode. The pH of a series of solutions (each 10 c.c.) containing 
1 per cent ovomucoid (electrodialysed) and varying amounts of HG14-RC1 or 
NaOH+KGl were determined. The total concentration of (HGl+KCE or 
(NaOH+KCl) was kept constant (i.e. 0*2 N throughout). The pH of similar 
solutions without protein were also determined. 


Amino acids and sugars in ovomucoids.—The ovomucoids were hvdrolvsed wirh 
6 N HGl for 24 hours at 125°C. and the hydrochloric acid was remoid b^ vacuum 
distillation. Shorter period of hydrolysis was used (eight hours) for the estimation 
of suiphur-containmg amino acids. For sugar analysis, the ovomucoids wer-^ 
hydrolysed with 2 N H.SO. at 100"C. for 4 lours, Joled and SSd wS 
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barium hydroxide. For glucosamine estimation the sulphuric acid hydrolysate was 
neutralized with sodium hydroxide. 

The double dimension paper chromatography described by Cqnsden et at, 
(1944) and Dent (1948) was employed for the detection of amino acids in the 
hydrolysates. Single dimensional chromatography with buffered solvents as 
described by McFarren and Mills (1952) was used to identify the leucines, and 
phenylalanine. Paper chromatography (Patridge, 1948) and paper electrophore¬ 
sis using borate buffer (Gonsden and Stanier, 1952) were employed for the 
characterization of sugars in the hydrolysates. 

Quantitative determinations of mannose and glucosamine as well as of some 
amino acids with reactive groups (total acid groups, amino groups, amide groups, 
arginine, cystine, histidine, methionine, phenylalanine, tyrosine and tryptophan) 
were carried out. The determinations of reactive groups in the protein molecule 
were carried out either on the intact protein (total acid groups, amino groups, 
amide groups, tyrosine and tryptophan) or on its acid hydrolysate (arginine, 
cystine, histidine, methionine, phenylalanine) depending upon the method avail¬ 
able. Generally, this is the method employed by other workers to determine 
reactive groups in a ptotein (Porter, loc. cit.; Fraenkel-Conrat et al., loc. cit.). 

Mannose was determined by th i orcinol reaction of Tillman for carbohydrates 
as described by Rimington (1940) and Friedman (1949). Glucosamine was esti¬ 
mated by the method of Elson and Morgan (1933j as modified by Schlors (1951). 
Total acid groups which consist of carboxyl, tyrosine and-SH groups were measured 
using the dye-binding method of Fraenkel-Conrat and Cooper (1944), Amino 
groups were estimated by the ninhydrin method of Harding and MacLean (1916).' 
Amide nitrogen was determined as described by Lewis ei al. (1950). Arginine was 
determined by the Sakaguchi reaction as described by Brand and Kassell (1942). 
Cystine was estimated using napthoquinone sulphonic acid method of Sullivan 
as described by Brown and Lewis (1941), Histidine was determined using Pauly’s 
reaction as modified by Macpherson (1942). Methionine was estimated by the 
method of McCarthy and Sullivan (1941) as modified by Horn et al. (1946). 
Tyrosine was estimated using Folin’s phenol reagent according to the method of 
Herriott (1941) in which the addition of copper sulphate was omitted. Tryptophan 
was estimated on intact protein using the method of Spies and Chambers (1949).' 

Effect of pH on the heat inactivation of ovomucoids. —^The effect of heating ovomu¬ 
coid solution at different pH on its antitryptic activity was studied. The latter 
was measured according to the method described previously (Narasinga Rao and 
Patwardhan, loc.xii.). 

" Results and discussion. 

■ Precipitation and colour reactions. of heavy metals and reagents, such as 
trichloracetic, glyoxalic phosphomolybdic, m-phosphoric, sulpho-salicylic and 
tannic acids did not precipitate either of the ovomucoids from aqueous solutions. 
hew ovomucoid is precipitated at 0-78 saturation with ammonium sulphate 
and DEW ovomucoid between 0'45 and 0*50 saturation. It requies 2'7 volumes 
of alcohol to precipitate HEW ovomucoid and 2*1 volumes for the DEW counter¬ 
part. A little more than an equal volume of acetone precipitates both the 
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ovomucoids from solutions. Flavianic and picric acids precipitate the DEW 
ovomucoid but not that derived from HEW. A positive MoLisch reaction is given 
by both iirdicating the presence of carbohydrate. Negative nitroprusside reaction 
indicated the absence of free —SH gi-oups in both the ovomucoids.' 

Physicochemical properties.—The results of the deterrninations of the molecular 
weight, optical rotation and iso-clcctric point are given in Table I, 

Molecular ivcight.—An average of two determinations with each sample 
gave a value of 37,000 for HEW ovomucoid and 38,570 for DEW ovomucoid, 
indicating that there is not much dilfcrcncc between tlie molecular weights of the 
tsvo. The value obtained for HEW ovomucoid is higher than that reported 
(28,800) by Linewcaver and Murray {be. cit.). The lower value reported by the 
latter workers may be due to the fact that they had used a crude sample of- 
ovomucoid which is found to contain lysozmc with a low molecular weight of 
17,000. 

Table I. 

Some physical constants of ovomucoids of DEW and HEW. 


Physicochemical constants. 


Present investication: 


DEtV j HEW_ 
'Ovomucoid, ovomucoid' 


Molecular weiglit 

38,570 

37,000 

Isoelectric point ^ 

4-23 

4 63 

Optical rotation (t<) 

—TO’-94 

■~57''-88 

D 




Reported values for HEW 
ovomucoid. 


28,800% 27,Q00'>, 28,500% 49,000d. 

4-5% 3-9% 4-3f. 

—56’% --5r% —65’ to —70’'’h, _ 5 S»;. 


a—Linewcaver and Murr y, 1947. b=Frcdericq and Deutscli, loc. cit. 

c=Lftvvis et al; loc. cit, d=Mzaa, 1930. e—Hossclvik, 1938. f—Longsworth et al. 1940. 

g=Stacey and Wooicy, 1940. h—Meyer, 1945. i~BaUs and Swenson, 1934. 


Optical rotation. —Specific rotations for the HEW and DEW ovomu¬ 
coids were found to be —57°'9 and —70°-9, respectively. The former corresponds 
to the reported value given in Table I. The difference in optical rotation between 
these two ovomucoids suggests structural differences. 

Ferc(!sif)>.—-The_ results of viscosity measurements are presented in Graph 1. 
The relative viscosities of the two ovomucoid solutions at different concentrations 
were identical. This indicates that their- molecular weights and -shapes are 
similar. The effect of treatment with either urea or heat on the viscosity of the- 
ovomucoids was very small pointing to the fact that the ovomucoid molecules are 
not easily denatured. Actually this treatment causes a decrease in viscosity of the 
DEW ovomucoid. This may be due to a decrease in the hydration of the molecule 
(Edsali, 1943). The results of viscosity measurements with HEW ovomucoid 
obtained in the present experiment agree well wdth those of Frederica and Deutsch 
IJoc. cit.'). 

Isoelectric point.—The plot of the distance moved by HEW and DEW 
ovomucoid spots on paper electrophoresis against pH is given in Graph 2. The 
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intersect of smooth curve passing through all these points and the x-axis (represen¬ 
ting zero mobility) was taken as corresponding to the isoelectric point. The values 
thus arrived at were pH 4-63 and 4-23 for the HEW and DEW ovomucoids 
respectively [see Table I). The value of HEW ovomucoid is closer to that reported 
by Hesselvik [loc. cit.), i.e., 4‘5 but is higher than pH 4*3 reported by Longsworth 
et at. [loc. cit.) and pH 3‘9 by Fredericq and Deutsch [loc. cit.). The lower iso¬ 
electric point of DEW ovomucoid indicates a relatively larger proportion of free 
acid groups in the molecule. 


Graph 1. 



Protein cbnc. per cent. Protein cone, per cent. 

Relative viscosities of DEW and HEW ovomucoids and the eject of denaturation with heat and urea. 


Graph 2. 



Isoelectric points of DEW ond HEW ovomucoids determined by paper electroporesis. 
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Isoionic point and wiisable^ groups.—The titration curves are presented' in 
Graph 3. It is seen that the isoionic points of HEW and DEW ovomucoids in 
O'l N. KGI solution were found to be pH 3*43 and pH 4'18, respectively. The 
isoelectric point of HEW ovomucoid (pH 4'63) is very much different from its 
isoionic point, whereas the isoionic and isoelectric ^points of DEW ovomucoid 
are almost identical. Although the isoionic and isoelectric points of a protein 
should be theoretically identical, they are in some cases influenced by the binding 
of ions present in the medium by the protein molecule (Alberty, 1953). The 
ionizable groups in two ovomucoids calculated from titration curves are given in 
Table II. The titration value bettveen isoionfe point and pH 2-0 represents the 
total basic groups (imidazole+amino'j-guanidyl); that between .pH 2'0 and pH 
5-5 represents total carboxyl groups and that between pH 5*5 and pH 8*5 imidazole 
groups (^berty, lac, cit.). It can be seen that DEW ovomucoid contains almost 
the same quantities of carboxyl groups as HEW ovomucoid, more basic groups 
and slightly iegS imidazole groups than HEW ovomucoid. 

Amino acids and sugars in ovomucoids. —The chromatograms of amino acids of 
DEW and HEW ovomucoid hydrolysates are given in (Plate XXIV). It can be seen 
that the ovomucoids do not differ qualitatively from each other, the same amino 
acids being present in both. In general, the basic amino, acid spots were much 
weaker than the others and the acidic amino acids were prominent. The spot due 
to histidine was very weak in both. However', there were certain marked differen¬ 
ces in the quantities of certain amino acids present in the two ovomucoids as could 
be judged by the intensity of the spots and later confirmed by quantitative deter¬ 
minations. It was observed that HEW ovomucoid contained more arginine and 
glucosamine than DEW ovomucoid did. On the other hand, tyrosine and 
methionine were more in DEW ovomucoid than in HEW ovomucoid. 

Among other things observed in these chromatograms, one ,was the appear¬ 
ance of a spot, which corresponded to methionine sulphoxide, pear the histidine 
spot, even without oxidation. Methionine sulphoxide is formed most probably 
during the phenol run (Dent, loc. cit.). It was found on the chromatogram of pure 
amino acids and the spot intensified when methionine .was incorporated in the 
hydrolysate. Secondly, glucosamine occupied a position on the chromatograms 
of both hydrolysates and the amino acid mixture, which indicated much slower 
movement during phenol run. It appears, therefore, that the presence of other 
amino acids (probably acidic amino acids) influences the Rf value of glucosamine 
during phenol run. But it was observed that during Gollidine-Lutidine run the 
Rf value of glucosamine was not influenced by the presence of other amino 
acids. 

Ghromatograms and paper electrophoretic patterns of sugars in ovomucoid 
hydrolysates are given in Text-figures 1 and 2, respectively. 

It can be seen that in both the cases only mannose and glucosamine were 
detected. This fact was confirmed by the two dimensional chromatography. 
Galactose could not be detected; incorporation of galactose gave rise to a separate 
third spot. These observations establish clearly that both the ovomucoids contain 
only mannose and glucosamine and no galactose. This finding does not substen- 
tiate the claim of Sorensen (1934) and of Stacey and Woolley {loc. cit.) that HEW 
ovomucoid contains galactose and further confirms the failure of other workers 
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